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Abstract
Sports fans often scrutinise the team selection strategies employed by their favourite team's coach
or selection panel. Many of these fans believe that they can perform the selection process far
better than those tasked with the responsibility. Fantasy leagues, provide a platform for fans
to test their hand at this selection procedure. Twenty20 cricket is a new and exciting form of
cricket and has become very popular in recent years.
This research focuses on bringing these concepts together by proposing a binary integer
program to determine a team selection strategy for fantasy league cricket. This is done in a
Twenty20 setting. The approach used in this study focuses on evaluating the eﬀectiveness of
previously developed performance measures in a fantasy league setting. Adjustments to these
measures are made and new measures are proposed. These measures are then used to select
a fantasy league team using a prospective approach. This is done to provide fantasy league
participants with a mathematical procedure for fantasy league team selection.
Keywords: Fantasy leagues, Twenty20 cricket, optimisation, binary integer programming,
team selection.
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Introduction and Objective
Whether a participant or a supporter, sport forms an important part of modern day society.
Participants who excel in an activity can often pursue the sporting discipline professionally and
those who are less capable but still actively engaged can remain amateur participants at many
diﬀerent levels. Sporting fans can be both spectators and participants. Fans with limited sporting
prowess can still be active supporters. For these fans, fantasy league participation provides an
ideal platform to voice their ideas and test their knowledge.
It seems that when it comes to team selection, at both a domestic and an international level,
controversy is unavoidable. One only needs to turn to the back page of ones local newspaper
to discover this. As an example recent sport headlines discussed the selection of South African
football striker Benni McCarthy in the national team (Amato, 2009). Hardly a day goes by in
the sporting world where a question doesn't arise about a certain manager's tactics or recent
player performance.
It often seems that the supporting public have an opinion on everything, but especially the
team selection tactics used by a coach or manager. The public frequently believe that they can
perform the selection procedure better than those tasked with the responsibility, and thus the
team selection strategies of professional sports coaches and managers are subject to enormous
scrutiny.
Supporters claiming they know how to better select a team than the professional coaches
and managers have not, until recently, been able to test or prove their claims. The opportunity
to do so has presented itself in the form of a fantasy league. A fantasy league provides the
participants with an idea of the team selection problems facing professional coaches. As such,
fantasy leagues encourage thorough research and planning by their participants (Elaine Allen,
Kustov and Recck, 2007).
The introduction of fantasy leagues onto the Internet increased the availability of these leagues
to the public (Vichot, 2009). There are now numerous fantasy leagues available for football
(soccer), cricket, rugby and baseball, to name just a few. These online fantasy leagues can
attract large numbers of participants. For example, a fantasy league based on the FA English
Premier League has over 2 000 000 participants (Oﬃcial EPL Fantasy League, 2009). These
leagues are also taken very seriously as the prizes for winning are often substantial. A closer look
at fantasy leagues and how they work is provided in Section 1.2.
Summers, Swartz and Lockhart (2007) developed a mathematical strategy to draft players
in hockey pools. Their research provides a detailed method for the construction and selection of
fantasy league teams in hockey pools. Their publication is a pioneering study into the strategies
and methodologies involved in fantasy league team selection.
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The focus of this study, however, is a fantasy league based on a Twenty20 cricket competition,
namely the 2008 Indian Premier League. The aim of this research is to use mathematical and
statistical techniques in order to facilitate the fantasy league team selection process for Twenty20
cricket.
Chapter 1 provides a literature review which investigates previous statistical research into
cricket. Included in this chapter is a brief explanation of the history and game of cricket as
well as the history and concept of fantasy leagues. Chapter 2 describes the fantasy league
under consideration in this study and the data collected for analysis. Chapter 3 provides the
methodology used in this study. The results of the described methodology are provided and
discussed in Chapter 4. Chapter 5 concludes the study and provides recommendations for further
work.
Chapter 1
Literature Review
1.1 Cricket
Cricket is a traditional English bat and ball sport which is steeped in history. It is believed by
some that the ﬁrst reference to the game was made as early as the 13th century (Leach, 2007).
However, the ﬁrst oﬃcial evidence of the game being played is dated in the 1550s (Norridge,
2008). By the 18th century the game of cricket boasted its ﬁrst oﬃcial set of rules (Clarke,
1998). The game of cricket is now played across the globe with the International Cricket Council
(ICC) having around 120 members (Cricket Archive, 2009). The major cricket playing nations
(full ICC members) are Australia, Bangladesh, England, India, New Zealand, Pakistan, South
Africa, Sri Lanka, West Indies and Zimbabwe (Cricket Archive, 2009).
The general overview of a limited overs match is discussed with reference to Preston and
Thomas (2002). The game is played between two teams, each consisting of eleven players.
During the course of a match each team has the chance to bat and to bowl. When the one team
bats, the other team will bowl (and vice versa), this is known as an innings. The objective of
the team batting ﬁrst is to score as many runs as possible. In so doing the batsmen are exposed
to the risk of losing their wicket, also termed being dismissed or out (Preston and Thomas,
2002). The bowling team aims to dismiss the batting team whilst restricting the number of runs
scored. Once this innings is completed, the team who batted initially will bowl and vice versa.
The total number of runs scored by the team who batted ﬁrst is the target for the team batting
second (Preston and Thomas, 2002). Typically, the team that has scored the most runs after
the game has concluded is deemed the winner (Preston and Thomas, 2002). Exceptions to this
include games which have been inﬂuenced by rain, where a mathematical procedure can be used
to determine the winner.
Each innings is divided into intervals of at least six balls or deliveries, these intervals are
called overs (Preston and Thomas, 2002). A ball (delivery) is completed when a bowler runs
towards the pitch and delivers the ball to the batsman, who has taken guard at the opposite
end of the pitch. The bowler will complete the over that was started, and no bowler can bowl
two consecutive overs. Once an over is completed the bowling team swaps sides, and the next
bowler's over will be bowled from the opposite end of the pitch. All the members of the bowling
team who are not bowling are strategically positioned around the ﬁeld in order to assist the
bowler (known as ﬁelders).
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Batsmen bat in pairs, each positioned on opposite ends of the pitch during any given delivery.
The batsman to which the bowler is delivering the ball (i.e. facing the bowler) is said to be on
strike, while the other batsman is positioned on the non-strikers (bowlers) end (Clarke and
Norman, 1999). The batsman who is on strike takes guard in front of three wooden stumps on
top of which are two bails, this is know as the wicket. Only the batsman who is on strike when
a ball is delivered can score runs. Runs are scored when the batsman strikes the ball using their
bat. It must be noted however that a batsman need not run when the ball is struck, and any
run taken when the ball has not struck the bat will be credited to the team's total, but not
the batsman's. Runs are scored after a delivery when both batsmen run the length of the pitch
(i.e. change ends). The decision to complete a run is made by the batsmen depending on the
position of the ball after being struck. Should the ball be hit to the boundary (known as hitting
a boundary) while having touched the ground, the batsman is credited with four runs; if the
ball is struck over the boundary (not touching the ground) the batsman is credited with six runs
(Clarke, 1998). Provided a boundary is not hit, the batsmen can complete as many runs as they
choose in the time it takes for the ball to be returned to either of the wickets (on each end of
the pitch). Should the batsmen not complete an intended run by the time the ball returns to
the wicket and the wickets are broken (bails dislodged), the batsman who is running toward the
end with the broken wicket is dismissed (known as a run out).
The other common methods of dismissal are (Britannica Online Encyclopedia: Cricket -
Methods of Dismissal, 2009): bowled - this occurs when the wickets are broken by the ball
during the course of a delivery; LBW (leg before wicket) - which occurs if a delivery (ball) which
is on its way to break the wicket is intercepted by the batsmen using their body (i.e. not their
bat); and caught - which occurs when the ball is struck by the batsman and caught by a ﬁelder
without touching the ground. Other less common methods of dismissal have been omitted, the
interested reader is referred to Britannica Online Encyclopedia1 for a complete list of dismissal
methods.
The game of cricket is played in two basic formats namely double innings matches and single
innings (limited overs) matches. The double innings match is the oldest, and arguably the purest,
form of the game. These matches consist of four innings, played over four days for South African
domestic competitions and ﬁve days for international competitions (known as Test matches).
Each team gets to bat (and bowl) twice, and a winning result is only achieved by a team if
they score more runs than their opposition (combined over both innings) and dismiss all the
opposition batsmen within the time allocated to the match. Should the latter condition not be
met, then the match results in a draw.
Limited overs cricket began domestically in England in 1963, and in 1971 the ﬁrst inter-
national game was played (Cricinfo: A Brief History of Cricket, 2009). The main diﬀerence
between test cricket and limited overs cricket is that the number of overs each team gets to bowl
is predetermined. The most familiar form of the limited overs game is the One Day International
(ODI) which is named as such since the game is scheduled to be completed in a single day. This
form of the game allows each team to bowl 50 overs (with each bowler bowling a maximum of
10 overs), and the objective is to score more runs than the opposition in the allotted overs. The
1http://www.britannica.com/EBchecked/topic/142911/cricket/214754/Methods-of-dismissal. (Accessed 8 De-
cember 2009)
CHAPTER 1. LITERATURE REVIEW 5
bowling team need not dismiss the entire batting team as a result will be obtained once both
teams have completed the overs allocated to them.
Initially spectator interest was high, however over time crowd attendances began to decrease
and in 2003 the cricket authorities in England proposed a new format to combat this (Weaver,
2008). This adaptation, commonly known as Twenty20 cricket, is the format that this study
investigates.
1.1.1 Twenty20 Cricket
Twenty20 cricket is a highly entertaining and crowd friendly short form of cricket. Since its
inception in 2003, Twenty20 cricket has gained tremendous support worldwide.
Similar to the introduction of the one day (limited over) game 40 years earlier, the ﬁrst
Twenty20 competition was held domestically in England in 2003. The game itself is much
shorter than the one day game. The format allows for a twenty overs per innings contest and is
scheduled to last just three hours. Before the game was introduced a thorough market survey
was conducted (Shilbury, Westerbeek, Quick and Funk, 2009). The aim of the survey was to
gauge the public opinion of the game of cricket, and to determine the expected public response
to the introduction of the new format (All Out for No Loss, 2007).
The results of the survey were favourable to the introduction of the new format, and on the
13th July 2003, the ﬁrst Twenty20 game was played (Weaver, 2008). The rules of a Twenty20
game are, for the most part, the same as those of the regular one day game, however there are
some diﬀerences. These diﬀerences include (Watson, 2008):
• Each bowler can bowl a maximum of one ﬁfth of the allocated overs. For matches not
interrupted by rain this maximum is 4.
• If a front-foot no ball (which occurs when a bowler, in his delivery stride, oversteps the
popping crease) is bowled, the batting team is awarded a run. Furthermore, the delivery
is re-bowled and this delivery is designated a free-hit, where the batsman now can only
be dismissed if he is run out, hits the ball twice or handles the ball.
• Fielding restrictions:
 During the power-play (the ﬁrst 6 overs), no more than 2 ﬁelders can ﬁeld outside the
30-yard circle.
 After the power-play, no more than 5 ﬁelders can ﬁeld outside the 30-yard circle.
 At any time, a maximum of 5 ﬁelders are allowed on the leg side.
A further diﬀerence between the two limited over formats, is that should a Twenty20 match be
completed (i.e. not abandoned for any reason) then a win/lose result will always be obtained.
Should a match be aﬀected by rain then a mathematical procedure is implemented to determine
a winner (Duckworth and Lewis, 1998). Should a match be tied, that is, should both teams score
the same amount of runs in their respective innings, two methods have been used to decide a
winner. Originally a bowl out was implemented. A bowl out consists of ﬁve bowlers from
each team each bowling a single ball at an unguarded wicket. Whichever team hits the wicket
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the most in their ﬁve attempts is deemed the winner. Should the scores still be tied, the match is
decided using a sudden death approach (Watson, 2008). The bowl out has since been replaced
by a super over. This study only considers the bowl out as a tie decider, and thus the super
over is not discussed. The interested reader is referred to the 2009 ICC Standard Twenty20
International Match Playing Conditions for the rules of this approach.2.
This adaptation of the game has become increasingly popular, and given that it is still a
young format, little research has been conducted into this form of cricket. Two Twenty20
competitions held between September 2007 and June 2008, namely the Inaugural ICC World
Twenty20 and the 2008 Indian Premier League respectively, form the basis of this research.
1.2 Fantasy Leagues
Fantasy sport has millions of participants worldwide. The appeal of the game presumably ﬁnds
its roots in the competitive nature of many sports supporters (Elaine Allen, Kustov and Recck,
2007). Fantasy sport provides a platform for sport followers to test their ability at one of the
more controversial aspects of most sports, team selection. Whether it be in casual conversation
or public debate, the team selection strategies of many sports teams ﬁnds itself under scrutiny.
Fans of sports teams often believe that their personal team selection is best, and fantasy sport
provides these supporters with an opportunity to prove themselves in a simulated setting.
1.2.1 Concept and History
The concept of fantasy sport has its origin as early as the 1940's (after World War II), but the
true growth of the game only occurred in the 1980's (Vichot, 2009).
In 1980 Daniel Okrent introduced the Rotisserie League for baseball. Up to this point
similar leagues had only considered statistical information from past seasons. The Rotisserie
league was an innovative concept as the game now consisted of the participant drafting players
into his fantasy league team at the start of the season. Okrent's Rotisserie league presented
the participants with some of the team selection problems and concerns that were faced by real
baseball managers, such as player unavailability due to injury. As such, the league required the
participants to make predictions about player performance and to adjust their teams according
to the circumstances presented to them (Vichot, 2009). Being a magazine writer/editor, Okrent
wrote an article for Inside Sports in March 1981. This article outlined the rules of the Rotisserie
league game. Owing to this publication and baseball's keen interest in statistics the fantasy league
movement began to grow (Vichot, 2009). This growth has continued and with the introduction
of leagues onto the Internet, includes leagues based on several sports all across the world. A
fantasy league trade group, the Fantasy Sport Trade Association (FSTA), was formed in 1998
(Vichot, 2009). Today the FSTA represents more than 110 member companies and has a market
size in the region of 27 million American adults (FTSA, 2009).
The game today has many forms, a common form is now discussed. A fantasy league par-
ticipant is given a budget in order to purchase players for their team. The players purchased
2http://static.icc-cricket.yahoo.net/ugc/documents/DOC_1F113528040177329F4B40FE47C77AE2
_1254317640264_993.pdf. (Accessed: 9 December 2009)
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are given a price according to their ability with superior players having higher prices and weaker
players having lower prices. The selected team must have a certain formation according to the
rules of the sport as well as the rules of the speciﬁc fantasy league. The general concept is that
all teams should consist of players in all positions of the sport. For example, in a fantasy league
dedicated to football (soccer), a participant wouldn't be allowed to select only forwards or only
goalkeepers. A team consisting of goalkeepers, defenders, midﬁelders and forwards would need
to be selected, in an acceptable formation3.
The players are then observed, across a competition or season, and allocated points according
to their performance in each game. Players are awarded points for what they did well and
deducted points for what was done poorly. The players in a fantasy league participant's team are
given points after each game, and the performance of the entire fantasy league team is determined
as the sum of the points of all the players in the team. This is done cumulatively through an
entire competition or season. A fantasy league participant can make adjustments to their team
to maximise their cumulative total, provided these changes do not violate the formation and
budget constraints of the league. The fantasy league participant with the highest cumulative
total at the end of the competition or season is deemed the winner of the league. Owing to the
large number of participants, the prizes for winning such a league are often substantial.
1.3 Statistics in Cricket
The interval nature (i.e. ball by ball, over by over) of the cricket game allows it to be analysed
eﬃciently. Statistics plays an important role in cricket, for example the derivation of a statistical
method for determining a winner in rain interrupted matches (Duckworth and Lewis, 1998).
Since the introduction of the Duckworth-Lewis method supporters are more aware of the role of
statistics in cricket. Basic statistics, however, have been used for many years in order to gauge a
player's performance. These statistics, as well as some recently developed statistics, are deﬁned
and discussed in the next section.
1.3.1 Traditional Performance Measures
The traditional methods of measuring the ability of a player use common statistical concepts such
as the mean or average. The following statistics are traditionally used to measure a cricketers
ability.
Batting
The batting average is arguably the most well known and widely used performance measure in
the modern game. It is the number of runs scored by a batsman per dismissal, and is deﬁned as
AV EtBAT =
total number of runs scored
total number of times dismissed
. (1.1)
3http://fantasy.premierleague.com/M/rules.mc (Accessed: 19 November 2009), discusses an example of the
formation settings used in a fantasy league.
CHAPTER 1. LITERATURE REVIEW 8
This statistic estimates the batman's ability to score runs. A higher value indicates a more
desirable player. The superscript t indicates that this is the traditional deﬁnition of the statistic.
Another important statistic which is often referred to in the modern game is the batsman's
strike rate. The strike rate is deﬁned as the number of runs a batsman scores per 100 balls faced.
This statistic is deﬁned as
SRtBAT =
total number of runs scored
total number of balls faced
× 100. (1.2)
This statistic estimates how quickly the batsman scores runs which is an important require-
ment in the short (limited over) form of the game. In limited over matches a player with a higher
strike rate is often preferred to a player with a lower strike rate. This measure is considered less
important in Test match cricket.
Bowling
The two most widely used statistics for bowlers, namely the bowling average and economy rate,
are similar to those calculated for batsmen. The bowling average is deﬁned as
AV EtBWL =
total number of runs conceded
total number of wickets taken
. (1.3)
This statistic estimates the average number of runs a bowler will concede per wicket taken.
A low value for this statistic is desirable.
The economy rate is the bowling equivalent of the batting strike rate. The economy rate of
a bowler is deﬁned as
ECON tBWL =
total number of runs conceded
total number of balls bowled
× 6. (1.4)
The economy rate estimates the average number of runs a bowler will concede during a given
over. The economy rate is of more importance in the limited over game and it is preferable for
the value of this measure to be low.
The last measure in this section is known as the bowling strike rate. This measure diﬀers
noticeably from the batting strike rate and is deﬁned as
SRtBWL =
total number of balls bowled
total number of wickets taken
. (1.5)
The bowling strike rate is deﬁned as the expected number of balls bowled per wicket taken by a
given bowler. Intuitively, it is preferable for this measure to be low.
It must be noted that high values are preferable for the batting measures (Equations 1.1, 1.2)
and low values of the bowling measures (Equations 1.3, 1.4 and 1.5) are preferred. This fact plays
a role in some of the recently developed measures that will be investigated in the forthcoming
sections.
Although these ﬁve statistics are commonly used, some analysts claim that they don't always
give a fair reﬂection of a player's true ability. In order to determine more useful measures of a
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player's performance, alternative measures have been proposed. These techniques are discussed
in the sections that follow.
1.3.2 The Combined Bowling Rate (CBR): Lemmer (2002)
In order to rate bowlers, Lemmer (2002) devised a measure known as the combined bowling
rate (CBR). The CBR combines the three traditional bowling statistics, namely the bowling
average, the bowling economy rate and the bowling strike rate.
Lemmer (2002) used the harmonic mean to combine the above three statistics. The justiﬁ-
cation for the harmonic mean is referred to the 1954 text by Kenney and Keeping. According
to Lemmer(2002), they suggested that the harmonic mean be used to ﬁnd the average of ratios,
provided that the numerator is considered ﬁxed and the denominator as variable. Since all of
AV EtBWL, ECON
t
BWL and SR
t
BWL are ratios this method was investigated. To simplify, the
following variables are introduced
r = total number of runs conceded,
w = total number of wickets taken, and
b = total number of balls bowled.
The traditional bowling statistics can now be deﬁned as
AV EtBWL =
r
w
,
ECON tBWL =
r
1
6b
, and
SRtBWL =
b
w
.
It is observed that the bowling average and the bowling economy rate have the same numerator
(r). Thus using the harmonic mean to ﬁnd the average of these two statistics is valid. In order
to include the bowling strike rate it is necessary to adjust SRtBWL to have the same numerator
as AV EtBWL and ECON
t
BWL, namely r. Lemmer (2002) proposed the following adjustment to
the bowling strike rate
SRtBWL =
b
w
=
r
r
× b
w
=
rb
rw
=
r
rw
b
. (1.6)
Using the deﬁnition in Equation 1.6 the bowling strike rate can now be included in the
calculation of the harmonic mean. The harmonic mean of a random sample X1, . . . , Xn is deﬁned
as
X¯harm =
n
n∑
i=1
1
Xi
. (1.7)
Thus the combined bowling rate (CBR) was deﬁned by Lemmer (2002) as
CBR =
3
1
AV EtBWL
+ 1
ECONtBWL
+ 1
SRtBWL
=
3r
w + 16b+
rw
b
. (1.8)
Lemmer (2002) thereafter deﬁned a classiﬁcation system (using this measure) to rate the per-
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formances of bowlers, with lower values of the CBR indicating more preferable bowlers. It was
also demonstrated that this measure provided good results for ranking bowlers.
1.3.3 A Batting Performance (BP) Measure: Lemmer (2004)
Lemmer (2004) proposed a measure to assess the performance of a batsman in limited over
cricket. This measure accounted for the average, consistency and strike rate of a batsmen.
The traditional measure for assessing the ability of a batsman is the batting average. This
measure gives each innings an equal weighting and in so doing assumes that the batsman's
recent scores have the same impact as the scores at the beginning of their career. Lemmer (2004)
argued that this was not a realistic approach to the calculation of a batsman's current batting
average. It was suggested that an exponentially weighted average (AV EexpBAT ) be used in which
the most recent score has weight w, the second most recent score has weight 0.96w, the third
most recent score would have weight 0.962w and so forth. The author chose the value of 0.96
in accordance with the weights used by PriceWaterhouseCoopers in their 2002 ratings of world
cricketers. Suppose that the scores of a batsman are given as X1, X2, . . . , Xn. In this case Xn
indicates the batsman's most recent score, Xn−1 represents the batsman's second most recent
score and so forth. The exponentially weighted average (AV EexpBAT ) is then deﬁned as
AV EexpBAT = wXn + 0.96wXn−1 + 0.96
2wXn−2 + · · ·+ 0.96n−1wX1 (1.9)
where w is calculated so that the the sum of all the weights equals 1.
The consistency of a batsman has been investigated in several research papers. Barr and
Van den Honert (1998) investigated batting consistency by the use of the geometric coeﬃcient
(G). This measure was based on match scores in test match cricket. They calculated the
geometric coeﬃcient as the inverse of the coeﬃcient of variation (CV ) in the sample of match
scores. Lemmer and Nel (2001) then suggested that the inverse of the geometric coeﬃcient (G)
i.e. the coeﬃcient of variation be used as a measure of the consistency of batsmen. It was
subsequently noticed that the CV was not an accurate measure of a batsman's consistency as
low not out scores and scores high above the average adversely inﬂuenced the standard deviation
and thus the CV (Lemmer, 2004). This could lead to inaccurate indications of a batsman's
consistency. Lemmer (2004) mentioned that this error was corrected by using a diﬀerent measure,
the adjusted coeﬃcient of variation (CVadj). To calculate CVadj , Lemmer (2004) explained that
the traditional batting average (AV EtBAT ) as well as an adjusted standard deviation are used.
The adjusted standard deviation was calculated similarly to the traditional standard deviation,
however, not out scores and scores above the average were disregarded. The adjusted coeﬃcient
of variation (CVadj) was then deﬁned as the adjusted standard deviation divided by the batting
average (provided that both measures existed). Lemmer (2004) deﬁned the consistency coeﬃcient
(CC) as CC = 1CVadj . This deﬁnition changed the direction of the measure to allow for the
interpretation that the higher values of CC now corresponded to the more consistent batsmen.
Barr and Van den Honert (1998) used the geometric coeﬃcient (G) to adjust the batting average
by multiplying the two values together. This was done without standardising as the consistency
of a batsman was indicated by the deviation of G from the benchmark value of 1 (Lemmer,
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2004). By multiplying the two measures together Barr and Van den Honert (1998) were able
to scale a batsman's average up or down according to their level of consistency. In order to
incorporate a batsman's consistency into their batting performance measure the value of CC
needed to be standardised. Lemmer (2004) standardised the consistency coeﬃcient by dividing
it by its average. This ratio (Cst) was deﬁned as
Cst =
CC
CC
(1.10)
where CC = 1n
n∑
i=1
CCi.
Lemmer (2004) reasoned that in limited overs cricket the batting strike rate (SRtBAT ) was
an important measure of a batsman's ability and should be included. In order to incorporate
the strike rate into the batting performance measure it too had to be standardised. This was
accomplished using a method similar to that used in Equation (1.10). The standardised strike
rate (SRst) was thus deﬁned as
SRst =
SRtBAT
SRtBAT
(1.11)
where SRtBAT =
1
n
n∑
i=1
(
SRtBAT
)
i
.
Lemmer (2004) then proposed that the batting performance (BP ) be calculated as a product
of the above three measures. The problem with this, however, was that the standard deviation
of SRst diﬀered to that of Cst. In order to correct for this Lemmer (2004) used the following
technique to equate the standard deviations.
Let the standard deviation of SRst be given by σ (SRst) and the standard deviation of Cst be
given by σ (Cst). Suppose further that SRsti is the SRst value for player i. Then for all values
of i the following iterative transformation is made
SR
[k]
sti
=
(
SR
[k−1]
sti
) σ(Cst)
σ
(
SR
[k−1]
st
)
(1.12)
where k indicates the number of iterations performed and SR
[0]
sti
= SRsti . The process is repeated
until the standard deviation of σ
(
SR
[k]
sti
)
is equal to that of σ (Cst) to the required level of
accuracy (usually 3 to 4 decimal places). The process requires 4 to 5 iterations to achieve this
accuracy.
The values of SR
[k]
sti
, where k represents the ﬁnal iteration, are denoted as SRtrst.
The batting performance measure (BP ) proposed by Lemmer (2004) was thus calculated as:
BP = AV EexpBAT × Cst × SRtrst. (1.13)
Barr and Van den Honert (1998) used a measure similar to this one, however Lemmer (2004)
scaled the batman's average using a consistency and a strike rate measure, whereas Barr and
Van den Honert's (1998) measure only used a consistency measure.
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1.3.4 A Second Batting Performance Measure: Barr and Kantor (2004)
Barr and Kantor (2004) proposed an alternative measure for comparing and selecting batsmen in
limited overs cricket. They argued that, owing to the limited number of balls available in a limited
overs cricket match, a batman's strike rate along with his batting average should be considered
when establishing a performance measure. A graphical method, similar to the representation of
risk versus return in portfolio analysis, was introduced by plotting the batting strike rate on the
y-axis and the batsman's probability of going out (P (Out)) on the x -axis. In ﬁnancial markets
an improvement in expected returns is associated with larger risk. In cricket it was argued that
any improvement in the batting strike rate would be associated with an increased probability of
being dismissed (Barr and Kantor, 2004). This is intuitive since if a batsman attempts to score
runs more quickly, there is a greater risk of being caught, run out and bowled.
Barr and Kantor (2004) deﬁned the probability of a batsman being dismissed on any given
ball as
P (Out) =
total number of times dismissed
total number of balls faced
. (1.14)
It was observed that
SRtBAT
P (Out)
=
total number of runs scored
total number of balls faced
total number of times dismissed
total number of balls faced
=
total number of runs scored
total number of times dismissed
= AV EtBAT .
Plotting the strike rate on the vertical axis and P (Out) on the horizontal axis thus gives
AV EtBAT =
SRtBAT
P(Out) =
y
x . As a result, any straight line passing through the origin repre-
sents a certain batting average (Barr and Kantor, 2004). If we consider Figure 1.1 the straight
lines through the origin (L, M and N) represent groups of batsmen with equal batting averages.
Horizontal lines indicate batsmen of equal strike rates and vertical lines indicate batsmen of
equal P (Out)(Barr and Kantor, 2004).
The measure proposed by Barr and Kantor (2004) was a weighted product of the batting
strike rate and the batting average. This measure denoted as BK was given as
BK =
(
SRtBAT
)α (
AV EtBAT
)1−α
, (1.15)
= yα
(y
x
)1−α
,
=
y
x1−α
where 0 ≤ α ≤ 1 is a parameter of the balance between the batting strike rate and batting
average (Barr and Kantor, 2004). Higher values of BK indicate greater batsman ability and
are preferred to lower values. If α = 1 the measure places no emphasis on the batting average
and setting α = 0 places no emphasis on batting strike rate (Barr and Kantor, 2004). It was
conjectured that α = 12 , thus weighting both measures equally. The authors noted that plotting
curves of the form
y = cx
1
2
yield isoquants which represent batsmen of equal ability, indicated in Figure 1.1 as R, S and
T. All batsmen falling on the same isoquant have the same BK value. The BK value is thus
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maximised by selecting batsmen according to the highest isoquant on which they lie (Barr and
Kantor, 2004).
Figure 1.1: Barr and Kantor (2004): A graphical display of the curves of equal suitability of
batsman to the one-day game
Barr and Kantor (2004) used the statistics from the 2003 ICC Cricket World Cup to success-
fully indicate the usefulness of their proposed measure.
1.3.5 Integer Programming Method: Gerber and Sharp (2006)
Gerber and Sharp (2006) proposed an integer programming technique in order to select a limited
overs cricket squad. The method included collecting the data for 32 prominent South African
cricketers and using this data to facilitate team selection for the South African One Day Inter-
national (ODI) cricket squad. It is important to note that the method provided was used for the
selection of a squad of 15 cricketers, not a team of 11.
Gerber and Sharp (2006) proposed that measures be developed to give an indication of each
player's batting, bowling, ﬁelding, all rounder and wicket keeping ability. The relevant measure
(or index) would then be applied to each player in their area of expertise (i.e. the batting index
would be calculated for a specialist batsman etc.).
The method proposed to measure the batting ability (i.e. the batting index) was deﬁned as
BTGSi =
(
batting average of batsman i
sum of all the batting averages of all the batsmen
)
× number of specialist batsmen
(1.16)
which compared the batting average of the given batsman to that of all the other batsmen.
Since the integer program used was a maximisation problem, it required that cricketers with
higher values for the given performance measures be more desirable than players with lower
values. In the case of bowlers, however, a lower economy rate implies a more desirable player.
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Gerber and Sharp (2006) overcame this obstacle by using the following methodology.
Let
vi =
[
k −
(
economy rate of specialist bowler i
sum of all the economy rates of all the specialist bowlers
)]
(1.17)
where the constant k was chosen to be the smallest positive integer such that
k >
(
economy rate of specialist bowler i
sum of all the economy rates of all the specialist bowlers
)
.
Introducing this constant ensured that more desirable bowlers (i.e. bowlers with low economy
rates) had higher values of vi. The same strategy used to determine the batsman's index was
then used to calculate the bowling index. This measure was given as
BLGSi =
(
vi
sum of all vi
)
× number of specialist bowlers. (1.18)
The ﬁelding ability of player i was measured using the ﬁelding index, deﬁned as
FLDGSi =
(
dismissal rate of ﬁelder i
sum of the dismissal rates of all the ﬁelders
)
× number of specialist ﬁelders
(1.19)
where the dismissal rate of a player was deﬁned as the average number of ﬁelding dismissals (i.e.
run outs, catches) made by the player per match. Gerber and Sharp (2006) argued that the
use of this measure alone as a selection criterion may be unnecessary, since most selectors would
prefer to include a specialist bowler or batsman rather than a ﬁelder.
All rounders can be deﬁned as players who perform well in diﬀering roles in the team. For
example, a player who can both bat and bowl is considered an all rounder. Gerber and Sharp
(2006) suggested that all rounders be divided into four categories: (1) cricketers who can both
bat and bowl; (2) cricketers who can both bat and ﬁeld; (3) cricketers who can both bowl and
ﬁeld; and (4) cricketers who can bat, bowl and ﬁeld. The category that will be of interest in this
study is (1) Players who can both bat and bowl. The all-rounder ability index for each player
was deﬁned as:
ALRGSi =
(
sum of relevant player index values
sum of that category of index values
)
×number of players in all rounder category.
(1.20)
The wicket keeping ability was deﬁned similarly to that of the ﬁelding category (Equation
1.19) and is given as
WKRGSi =
(
dismissal rate of keeper i
sum of the dismissal rates of all the keepers
)
× number of specialist keepers.
(1.21)
In order to select the squad a binary integer programming technique was implemented, and
the model was treated as one of maximisation (Gerber and Sharp, 2006). The model was ﬂex-
ible and could include as many ability measures as determined by the team selectors. For the
purpose of illustration, only the above mentioned ability measures are shown in this review. The
relationship between a player and their respective ability measure can be illustrated in a two way
matrix as shown in Table 1.1.
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Abilities
Bat Bowl Field All Round 1 ... Wicket Keeper
1 2 3 4 ... 8
1 a11 a12 . . . . . . . . . a18
Player 2 a21 a22 . . . . . . . . . a28
...
...
...
n an1 an2 an8
Table 1.1: Two-way representation matrix of players and abilities
In Table 1.1 the value aij is deﬁned as the index measure of player i, for ability j. The number
of abilities in Table 1.1 can be expanded to include any number of measures.
Gerber and Sharp (2006) deﬁned the decision variables for the integer program as
xij =
1 if player i is selected for ability j0 if player i is not selected for ability j. (1.22)
The objective function of the integer program was maximise
Y =
k∑
j=1
yj (1.23)
where k represents the total number of ability measures considered and
yj =
∑
i
aijxij . (1.24)
Each yj thus represents the ability index for ability j.
The constraints of the model could be changed according to the requirements of the selection.
Some of the necessary constraints are shown below (Gerber and Sharp, 2006),∑
i
∑
j
xij = m : to ensure exactly m players are selected∑
j
xij ≤ 1 : to ensure a player is selected only once
xij ∈ {0, 1} : to satisfy deﬁnition of the decision variable
Additional constraints, subject to the requirements of the selectors, could easily be added to
this model. As an example, consider including a constraint to ensure that at least zb batsmen
are selected. The constraint may be expressed as∑
i
xi1 ≥ zb. (1.25)
In this constraint the value j = 1 is included as this number corresponds to the batting ability
listed in Table 1.1. Additional constraints concerning other abilities may also be included. This
integer programming technique is used extensively in this research.
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1.3.6 Comparison of Cricketers using Graphical Displays: Van Staden (2009)
Van Staden (2009) mentioned that a study by Kimber in 1993 proposed a method to graphically
represent all three traditional bowling measures. It was noted that although this method gained
little widespread use, it is a simple and powerful tool for the comparison of bowlers. Van
Staden (2009) expanded the use of these graphical displays to compare the batting and all-round
performance of cricketers. These graphical displays and comparisons were used on the cricketers
who took part in the 2008 Indian Premier League.
For the purpose of this paper, van Staden (2009) redeﬁned the economy rate of a bowler to
be the number of runs conceded per k balls. The new measure, termed ECONk, was deﬁned as
ECONk = k × total number of runs conceded
total number of balls bowled
. (1.26)
It can easily be seen that ECON6 is the traditional economy rate deﬁned in Section 1.3.1. From
Equation 1.26 and the traditional measures of a bowler's average and strike rate the following
hyperbolic relation was found to exist (van Staden, 2009)
ECONk × SRtBWL = k ×AV EtBWL. (1.27)
Van Staden (2009) plotted SRtBWL on the y-axis and ECONk (with k = 100) on the x -axis, by
doing this all three traditional bowling measures could be represented on a single graph. This
is done by adding hyperbolic contours to the graph, which represented AV EtBWL. Van Staden
(2009) mentioned that, although k = 100 was used, any logical value of k (such as k = 6) could
be used. An example of the graph obtained is given in Figure 1.2.
Figure 1.2: Van Staden (2009): Graph used for the comparison of cricketers
Van Staden (2009) emphasised that a bowler would ideally prefer to maximise the number
of wickets taken and minimise the number of runs conceded . This would result in better bowlers
having lower values of AV EtBWL, SR
t
BWL and ECONk. Low SR
t
BWL values correspond to low
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values on the y-axis of Figure 1.2 similarly low ECONk values correspond to low values on the
x -axis of Figure 1.2. Thus, cricketers with better bowling statistics would appear in the lower
left area of Figure 1.2 as indicated by X and bowlers with poor bowling statistics would appear
in the area indicated by Y. The partitions of the graph created by the contours aid in the
comparison of bowlers by indicating the bowling average. That is, all bowlers lying on the same
contour have equal bowling averages. The use of a graph such as Figure 1.2 provides a convenient
and eﬃcient graphical method to compare all the traditional bowling measures simultaneously.
In order to compare batsmen, van Staden (2009) suggested an approach similar to that of
Barr and Kantor (2004). Barr and Kantor (2004) evaluated batsmen using isoquants created
when plotting P (Out) against SRtBAT . The approach used by van Staden (2009) plotted the
inverse of P (Out), i.e. the balls faced by a batsmen per dismissal, on the y-axis and SRtBAT on
the x -axis, thus essentially swapping the axes of the graph used by Barr and Kantor (2004). This
also allows the graph in Figure 1.2 to be used for the comparison of batsman. The contours of the
plot, when considering batsmen, indicate the traditional batting average. The main diﬀerence
when plotting batsmen on Figure 1.2 is that batsmen appearing closer to the top right area of
the plot (indicated as Y) are preferred to those lying towards the bottom left area (indicated
as X). Since batsmen and bowlers use the same set of axes for comparison, van Staden (2009)
suggested that, by showing a players batting and bowling measures on the same graph plot, one
could assess the all round ability of a cricketer. The approach detailed by van Staden (2009) is
a convenient and highly eﬀective method for the comparison of cricketers.
1.3.7 Other Statistical Research into Cricket
Arguably the most notable statistical research into the game of cricket was the study conducted
by Duckworth and Lewis (1998). They determined a method to reset targets in rain interrupted
limited overs cricket matches in the paper entitled A fair method of resetting the target in
interrupted one-day cricket matches. De Silva, Pond & Swartz (2001) extended the use of the
Duckworth-Lewis method to determine the magnitude of victory in one day cricket matches.
This interesting and convenient method is particularly useful for breaking ties in tournament
standings.
Beaudoin and Swartz (2003) developed a measure to assess the performance of batsmen
and bowlers. Their measure involved taking into account the resources used (according to the
Duckworth-Lewis method) by both batsmen and bowlers in one-day cricket. This measure de-
veloped, called the runs per match (RM), is sensible and provided good results. Although this
measure provides a good indication of a cricketer's ability, it is omitted from this study as the
data required for its calculation were not always available.
The use of dynamic programming in cricket has been used in several research papers speciﬁ-
cally Clarke (1988) and Clarke and Norman (1999). Dynamic programming was also used as a
method to reset the target in rain interrupted games by Preston and Thomas (2002), although
the Duckworth-Lewis method is still the method of choice of the ICC.
Research into accurate simulation in cricket has recently been concluded, with good results.
Swartz, Gill, Beaudoin and de Silva (2006) dealt with ﬁnding the optimal batting order in
one day cricket by the use of simulation techniques. Swartz, Gill and Muthukumarana (2009)
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investigated the simulations of entire one day cricket matches. This was done by using historic
data to determine probabilities of various outcomes on each ball of a match. It was noted that the
simulations provided reasonable results and it was envisioned that this technique could be used to
answer various questions regarding the game of cricket (Swartz, Gill and Muthukumarana, 2009).
These papers show that the use of computer simulations in cricket research can be beneﬁcial.
It is clear that cricket is a highly researched and publicised topic, speciﬁcally in the ﬁeld of
statistics. The research provided in this dissertation endeavours to add to this body of knowledge.
1.4 Optimisation
Mathematical optimisation refers to the techniques involved in ﬁnding the best solution to a
given problem, provided that it can be expressed mathematically (Snyman, 2005). This optimal
or best solution is found using various computational techniques, and is usually subject to
certain constraints. Most decision making problems require the identiﬁcation of three main
components. Taha (2003) suggests that these three components are identiﬁed by answering the
following questions:
1. What are the decision options or choices?
2. What restrictions are present when making the decision?
3. What value or outcome must be optimised when evaluating the alternatives?
The answers to the above questions provide the decision maker with what is needed to solve an
optimisation problem. These are (Lourens, 2009)
1. The decision variables: These are the variables which, at the end of the optimisation
procedure, provide the decision maker with the answers which they sought.
2. The constraints: The constraints are equations which deﬁne the restrictions imposed on
the decision variables. These are expressed in terms of the decision variables.
3. The objective function: This deﬁnes the outcome or value which must be optimised in
terms of the decision variables.
Once the above three components are identiﬁed, the problem is ready to be solved.
The optimisation models discussed are the Linear Programming (LP) model and the Binary
Integer Programming (BIP) model.
1.4.1 The Linear Programming (LP) Model
Taha (2003) explains that the LP model is used for optimisation models with strict linear
objective and constraint functions. Furthermore, all the decision variables in a LP model are
real-valued, and as such can take on any value on the real line (subject to the constraints). This
is the primary diﬀerence between the Linear and the Integer Programming techniques.
An example of an n variable LP model is formulated in the following way.
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The objective function:
max Z = a1x1 + a2x2 + . . .+ anxn
The constraints:
c11x1 + c12x2 + . . .+ c1nxn ≤ b1
c21x1 + c22x2 + . . .+ c2nxn ≤ b2
...
...
...
ck1x1 + ck2x2 + . . .+ cknxn ≤ bk
x1, x2, . . . , xn ≥ 0
In order to determine the optimal values of the decision variables, x1, x2, . . . , xn, a computational
technique known as the simplex method is often used. This method is discussed in detail in
Taha (2003). The solution for this problem is thus given as the values of x1, x2, . . . , xn which
maximise the objective function, subject to the given constraints. The example above is a simple
representation of the LP model and can easily be adjusted to suit the requirements of a given
problem.
1.4.2 The Binary Integer Programming (BIP) Model
Integer Programming (IP) models have the same formulation as traditional LP models, however,
the decision variables are integer-valued rather than real-valued (Taha, 2003). This added con-
straint is necessary for many practical problems where the values of the decision variables may
not contain fractions such as number of people or yes-no type decisions (Taha, 2003). The
yes-no decision variable xi is often formulated as
xi =
1 if object i is selected ("yes")0 if object i is not selected ("no").
If all the decision variables are of this type the model is referred to as a Binary Integer Program-
ming (BIP) model (Lourens, 2009).
IP models are more diﬃcult to solve than LP models. Taha (2003) states that there does
not exist a computer code which will consistently solve integer programming problems. Of the
two methods described in Taha (2003), it is noted that the Branch-and-Bound method is the
more reliable method used to ﬁnd the optimal solution to an integer programming problem.
Taha (2003) also mentions that most commercial software use the Branch-and-Bound method
for solving integer programming problems.
The Branch-and-Bound (B&B) Algorithm
The Branch-and-Bound algorithm was developed by A. Land and G. Doig in 1960 (Taha, 2003).
The method initially solves the IP problem as a traditional LP problem (Lourens, 2009), ignoring
the added integer constraint. Once solved, the values of the decision variables are considered
and if any of the values are non-integers, the feasible region is split by adding extra constraints
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and the problem is re-assessed. This procedure continues until all the integer decision variables
are integer-valued.
To explain the concept, consider the following example: Suppose that the shaded region
indicated in Figure 1.3 indicates the feasible region for a given maximisation linear programming
problem.
Figure 1.3: Initial Branch-and-Bound Stage: Solving a single LP problem (Taha, 2003)
Initially, the Branch-and-Bound method will solve the problem as a simple LP problem. This
results in the optimal decision of x1 = x2 = 1.5, indicated on the graph as a white point. The
black points on the graph indicate all the integer values within the feasible region. Given that
this is actually an IP problem, it is desired that x1 and x2 are integers, thus the black points
indicate the feasible points for the integer variables.
The Branch-and-Bound method, now adds the following constraints to the model:
x1 ≤ 1 and x1 ≥ 2
thus removing the optimal point (non-integer) from consideration. Since the above restrictions
are mutually exclusive, they are not included in the same linear program. Thus two separate
linear programs are run and the solutions for each are obtained (Taha, 2003). The feasible regions
for these programs are given in Figure 1.4.
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Figure 1.4: Second Branch-and-Bound Stage: Solving two separate LP problems (Taha, 2003)
The method then goes on to check the values of x1 and x2 for both linear programs. If the
values are integers for both feasible regions, the most desirable of the two is chosen (according
to the value of the objective function). If not, the method is repeated until the optimal integer
valued solution is found.
In summary, this chapter reviews the game of cricket by providing a brief discussion of the
rules and history of the game. The history and concept of fantasy sport is then discussed. This is
followed by an investigation of relevant statistical research into the game of cricket. The chapter
is concluded with a discussion of mathematical optimisation techniques (speciﬁcally LP and IP
models).
Chapter 2
Fantasy League and Data
2.1 The Fantasy League Game
The fantasy league on which this dissertation is based uses the fantasy league on the CricInfo
website for the 2008 Indian Premier League (CricInfo IPL Fantasy League, 2008). This fantasy
league was chosen as the CricInfo website is widely used by researchers (Lemmer, 2003 & 2004;
Gerber and Sharp, 2006). Furthermore, the rules and scoring methods deﬁned for this league
were intuitive.
2.1.1 Fantasy League Rules
The CricInfo website categorised each of the players who took part in the 2008 Indian Premier
League competition into one of four distinct categories. These categories were: batsmen, bowlers,
all rounders and wicket keepers. Each player was then given a price ranging from 50 000 to 150 000
currency units (hereafter referred to as units), with higher prices corresponding to historically
more desirable players and lower prices to less desirable players.
There are a number of rules mentioned on the CricInfo website to deﬁne the restrictions on
the fantasy league. The following are the rules and restrictions used for the fantasy league setting
of this study.
• The total cost of each team is restricted to a maximum of 1 000 000 units.
• Each team must consist of 11 players.
• Each team must be made up in one of the following ways
 4 Batsmen, 4 Bowlers, 2 All Rounders and 1 Wicket Keeper, or
 4 Batsmen, 3 Bowlers, 3 All Rounders and 1 Wicket Keeper.
• A maximum of 20 changes are allowed to be made to the team during the course of the
competition.
• A cricketer can only be selected for the category in which they have been assigned (by the
website). For example, a cricketer classiﬁed by the website as a wicket keeper can not be
selected in a team as a batsman or a bowler.
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An example of two possible fantasy league teams, satisfying the restrictions above, is provided
in Table 2.1.
Team 1 Team 2
Batsmen Price Batsmen Price
1 M Hayden 90 000 1 M Hayden 90 000
2 G Smith 95 000 2 R Ponting 90 000
3 S Fleming 85 000 3 S Fleming 85 000
4 M ul-Haq 80 000 4 M ul-Haq 80 000
Bowlers Price Bowlers Price
1 D Steyn 90 000 1 A Kumble 85 000
2 S Warne 95 000 2 C Vaas 80 000
3 A Kumble 85 000 3 N Bracken 85 000
4 C Vaas 80 000
All Rounders Price All Rounders Price
1 J Oram 105 000 1 S Pollock 95 000
2 D Bravo 75 000 2 M Hafeez 75 000
3 D Bravo 75 000
Wicket Keeper Price Wicket Keeper Price
1 A Gilchrist 110 000 1 MS Dhoni 150 000
TOTAL COST 990 000 TOTAL COST 990 000
Table 2.1: Example of possible fantasy league cricket teams
Team 1 includes 4 batsmen, 4 bowlers, 2 all rounders and 1 wicket keeper whilst Team 2
includes 4 batsmen, 3 bowlers, 3 all rounders and 1 wicket keeper. An interesting observation
to note is that both teams have the same total cost but diﬀer considerably in composition. The
diﬀerence in these teams illustrates the diﬃculty faced by fantasy league participants in deciding
on their team.
Once selected a player can be removed or replaced at the discretion of the fantasy league
participant. A fantasy league participant would ideally make changes to their team in order to
include the best players through the course of the competition. These changes are allowed so
long as none of the restrictions are violated. Should a fantasy league participant feel that no
changes are necessary, this is acceptable.
Other fantasy league rules may diﬀer from these rules but in principle team composition and
a limiting value of team cost are the generic restrictions.
2.1.2 Fantasy League Scoring
Each cricketer is allocated points based on their performance in every match in which they
participated. The aim of a fantasy league participant is to select the cricketers who score the
highest points throughout the competition. The fantasy league participant with the highest
number of points at the end of the competition is deemed the winner.
Tables 2.2 to 2.4 summarise the points allocation that was used by the CricInfo Fantasy
League for the 2008 Indian Premier League. The tables demonstrate that most aspects of a
cricketer's performance are accounted for in a given match. This shows that the fantasy league
score obtained by the cricketer provides a reasonable approximation of their inﬂuence on the
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match.
Event (Batting) Points
Runs Scored 1
Six Hit (Bonus) 2
Dismissed for a Duck -10
Provided Runs Scored ≥ 20 the following bonus points apply
0 ≤ SRtBAT < 50 -30
50 ≤ SRtBAT < 75 -20
75 ≤ SRtBAT < 100 -10
100 ≤ SRtBAT < 150 0
150 ≤ SRtBAT < 180 10
180 ≤ SRtBAT < 200 20
200 ≤ SRtBAT 30
Milestone Bonus
On reaching 25 runs 10
On reaching 50 runs 20
On reaching 75 runs 40
On reaching 100 runs 80
Table 2.2: CricInfo IPL Fantasy League batting points allocation table
To indicate how Table 2.2 is used, consider the following example. A cricketer hits 3 sixes
while scoring 60 runs oﬀ 40 balls in a given IPL match. The number of fantasy league points
scored for this is calculated as follows.
• 1 point for each run scored (60) = 60× 1 = 60 points,
• 2 points for each six hit (3) = 3× 2 = 6 points,
• SRtBAT = number of runs scorednumber of balls faced × 100 =
60
40 × 100 = 150, thus scoring 10 points, and
• 20 points for reaching 50 runs.
The strike rate is considered in this case since the cricketer scored 20 or more runs. The fantasy
league score of the cricketer for their batting is thus 60 + 6 + 10 + 20 = 96 points.
Table 2.3 provides the points allocation for bowling.
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Event (Bowling) Points
Dismissing a Batsman, an All Rounder or a Wicket Keeper 25
Dismissing a Bowler 10
Maiden over 40
Provided Overs Bowled ≥ 2 the following bonus points apply
0 ≤ ECON tBWL < 3 30
3 ≤ ECON tBWL < 5 20
5 ≤ ECON tBWL < 7 10
7 ≤ ECON tBWL < 9 0
9 ≤ ECON tBWL < 11 -10
11 ≤ ECON tBWL < 14 -20
14 ≤ ECON tBWL -30
Milestone Bonus
On taking 2 wickets 10
On taking 3 wickets 20
On taking 4 wickets 40
On taking 5 wickets 80
Table 2.3: CricInfo IPL Fantasy League bowling points allocation table
Suppose the cricketer in the previous example bowled 4 overs, conceding 40 runs and taking
1 wicket. The wicket taken was that of an opposition all rounder. The cricketer is awarded the
following points.
• 25 points for each batsman, all rounder or wicket keeper dismissed. One all-rounder dis-
missed = 25 points.
• ECON tBWL = number of runs concedednumber of balls bowled × 6 =
40
24 × 6 = 10, thus −10 points are scored.
The economy rate is included in this case since the bowler bowled 2 or more overs. The fantasy
league score for the cricketer's bowling is thus 25− 10 = 15 points. Table 2.4 is used to calculate
the fantasy league score of a cricketer for ﬁelding.
Event (Fielding) Points
Taking a catch 15
Stumping 15
Run Out (direct) 30
Run Out (indirect, per person) 10
Table 2.4: CricInfo IPL Fantasy League ﬁelding points allocation table
Table 2.4 is used similarly to Table 2.2 and Table 2.3. A direct run out is one where only
one ﬁelder is involved in the run out. The ﬁelder would then be awarded 30 points. If other
ﬁelders are in involved, for example a wicket keeper, it would then be considered an indirect run
out, and each participating ﬁelder would be awarded 10 points. In addition 50 bonus points are
scored by a cricketer who wins the man-of-the-match award.
Suppose that the cricketer mentioned in the previous two examples also took 1 catch and
won the man-of-the-match award. The cricketer would then score an additional 15 + 50 = 65
points.
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For each game, every cricketer who played is awarded fantasy league points in each of the
batting, bowling, ﬁelding and man-of-the-match categories. The sum of the points (across these
categories) is the total fantasy league score of a cricketer for the game.
In our example, the cricketer's total fantasy league score would be
(Batting Points) + (Bowling Points) + (Fielding Points) + (Man-of-the-Match Points)
= (96) + (15) + (15) + (50)
= 176 points.
2.2 Data
2.2.1 The Collection of Game Data
Data were collected for two Twenty20 competitions held between September 2007 and June 2008.
The two competitions were the 2007 ICC World Twenty20 held in South Africa in September
and the inaugural Indian Premier League played in India from April to June 2008.
Match scorecards for each match of the two competitions were obtained from the ESPN
CricInfo (www.cricinfo.com) website and captured into Microsoft Excel (Microsoft Corporation,
1985 - 2006). There were a total of 27 matches played in the 2007 ICC World Twenty20 of which
one was abandoned. The 2008 Indian Premier League consisted of 59 matches of which one was
abandoned.
The data captured for batting were the number of runs scored; the number of balls faced,
the number of 6's hit and the number of 4's hit. For bowling the data captured were the number
of overs bowled; the number of maidens bowled; the number of runs conceded; the number of
wickets taken; the number of no balls bowled and the number of wides bowled. For ﬁelding the
data captured were the number of catches; the number of run-outs and the number of stumpings.
These data were collected for each cricketer who took part in either of the two competitions.
The data were collected from the website between 17 April 2008 to 11 August 2008.
2.2.2 The Collection of Player Data
A complete limited overs career history for each player who took part in either of the competitions
was obtained from the Player Oracle on the CricketArchive website (www.cricketarchive.com/cgi-
bin/ask_the_player_oracle.cgi). The data were collected from the website between 6 September
2008 and 28 January 2009. The data included in the analysis were for the period up to and
including 1 June 2008 so as to coincide with the conclusion of the 2008 Indian Premier League.
The ListA and Twenty20 data were collected for each player. ListA classiﬁed matches include
all domestic and international matches where the number of overs per innings is between 40
(domestic) and 50 (international) i.e. traditional limited over games. Twenty20 type matches
include all domestic and international 20 over matches (ICC Rules and Regulations, 2008).
The data collected for each player include the following: the number of runs scored (and
method of dismissal); the number of overs bowled; the number of maidens bowled; the number
of runs conceded; the number of wickets taken; the number of catches taken and the number
of stumpings made. Career batting strike rates were calculated from the game data extracted
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from the CricInfo website for Twenty20 matches. ListA batting strike rates were estimated using
data collected from the CricInfo website on 7 September 2008. When a ListA strike rate was
not available for a player it was reasoned that the players ODI strike rate would be adequate.
Each match was then classiﬁed as either a domestic or an international match. The data were
captured into Microsoft Excel (Microsoft Corporation, 1985 - 2006) and then exported into R
2.8.1 (The R Foundation for Statistical Computing, 2008) for analysis.
A limitation to this method of data collection is that the strength of the opposition is not
taken into account. As such, good scores against weaker teams are considered to be as relevant
as good scores against strong teams. This is an area that is open to further research.
In summary, this chapter provides an overview of the rules and nature of a fantasy league
cricket game. The origin and nature of the data collected for analysis purposes are also discussed.
Chapter 3
Methodology
The aim of this dissertation is to provide a prospective approach to facilitate the selection and
management of a fantasy league team. The fantasy league rules on which this research is based
is the 2008 IPL fantasy league as found on the CricInfo website. A prospective approach implies
that only historic or past data are considered. Thus for the selection of the initial fantasy league
team only data prior to the beginning of the 2008 IPL is considered. As the IPL progresses more
recent player data will become available. These data are then used to make adjustments to the
initial team. These adjustments are made in accordance with the restrictions imposed on the
fantasy league (Section 2.1.1).
Initially mathematical techniques are developed to determine a strategy to select a starting
fantasy league team. In order to maximise the total fantasy league score, a strategy is devel-
oped to make team changes through the course of the competition. To establish these selection
strategies the following methodology is used.
3.1 Preliminary Analysis
3.1.1 Fantasy League Point Distribution
To acquire prior information about the points scored in a fantasy league it is necessary to analyse
a similar competition. The fantasy league based on the 2008 IPL is the ﬁrst of its kind. As such,
no information regarding the distribution of fantasy league points between player categories
(i.e. batsmen, bowlers, all rounder and wicket keepers) and across cricketing disciplines (i.e.
batting, bowling and ﬁelding) is available. Given that this information could be used in the
development and modiﬁcation of performance measures for fantasy league tournaments, this
section describes how the 2007 ICC World Twenty20 tournament was used as a basis for data
analysis and interpretation.
The scoring methodology described in Section 2.1.2 is applied to the 2007 ICCWorld Twenty20
and fantasy league scores for each cricketer are calculated. These fantasy league scores are eval-
uated in order to provide insight into the structure of a Twenty20 fantasy league competition.
The data obtained from this competition is believed to be relevant since it was held only seven
months prior to the 2008 IPL. Adding to this there are a signiﬁcant number of cricketers who
participated in both tournaments. It thus seems reasonable that this tournament can provide
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relevant data.
The format of the ICC World Twenty20 is diﬀerent to that of the IPL. The ICC World
Twenty20 consists of two round robin stages followed by a semi-ﬁnal and a ﬁnal. The IPL has
a league formation with each team playing every other team twice (home and away). The top
four teams then play a knockout in a semi-ﬁnal and a ﬁnal to determine the winner. As a result,
fantasy league scores within the ICC World Twenty20 competition are not comparable to those
within the IPL competition. To avoid this, only fantasy league score information relating to the
tournament in its entirety is used. That is, for the purposes of this study the entire tournament is
considered as a single event and individual games within the competition are not considered. The
distribution of fantasy league points across the various player categories and cricketing disciplines
is calculated using the data from this tournament. The results of this analysis are provided in
Section 4.1.
3.1.2 Linear Regression Modelling
The fantasy league scoring methodology described in Section 2.1.2 provides a single value which
quantiﬁes a cricketer's overall contribution to a match. This fantasy league score is of great
importance in this study. It is desired to include cricketers who tend to score high fantasy league
scores and omit those who don't. To gauge the expected fantasy league score of a cricketer, it
is necessary to determine fantasy league scores for all the games in which they played. Ideally
this would be done using the scoring methodology of Section 2.1.2 to determine the fantasy
league scores for each of the cricketer's games throughout their career. However, the career data
collected for each cricketer does not include the number of balls faced by a batsmen, the number
of run outs (direct or indirect) or the number of batsmen, bowlers, all rounders or wicket keepers
dismissed by a bowler. As such the fantasy league scores in these cases need to be estimated.
It is decided to use a linear regression model to estimate these fantasy league scores. The
linear regression model is ﬁtted using the data from the 2007 ICC World Twenty20 and the 2008
IPL. Since the IPL is a domestic competition and the ICC World Twenty20 is an international
competition it is argued that this model would be representative of both the domestic and
international game. The model is then used to estimate fantasy league scores for each cricketer
in every limited overs game in which they played (i.e. ListA and Twenty20). Both formats of
the game are included as this arguably provides the most comprehensive information regarding
a cricketer's fantasy league scoring ability.
The fantasy league scores estimated by this model are then used to develop fantasy league
speciﬁc performance measures. The results of the ﬁtted linear regression models are provided in
Section 4.2.
3.2 Development and Adaptation of Performance Measures
The performance measures discussed in Chapter 1 provide insight and methods for the ranking
and comparison of cricketers. These measures were developed to rank and compare cricketers
under traditional circumstances i.e. not within a fantasy league.
The aim of this research is to provide a selection strategy for a fantasy league team. Therefore
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several of these performance measures are modiﬁed in order for them to better suit the scenario
under consideration. It is believed that these adapted measures will provide more accurate
results than the original measures. Adaptations are made using the results and observations
from the points distribution analysis discussed in Section 3.1.2. Furthermore, several performance
measures using the estimated fantasy league scores (using the linear model) are also developed.
These measures, along with the measures detailed in Section 1.3.2 and Section 1.3.4 are
considered in the selection of a fantasy league team.
3.2.1 Lemmer's CBR Adaptation (FCBR)
Lemmer (2002) suggested the combined bowling rate (CBR) as a measure of the bowling per-
formance of a cricketer. This measure is reviewed in Section 1.3.2 and deﬁned in Equation 1.8.
The deﬁnition used is
CBR =
3r
w + 16b+
rw
b
.
In order to modify this measure for fantasy league purposes, it is necessary to consider the fantasy
league score allocation to various bowling outcomes (Table 2.3). It can be seen that the economy
rate of a bowler as well as the wicket taking ability of a bowler are important as they account
for a large portion of the point allocation. Measures of these abilities are already present in the
current formulation of the CBR. The one attribute of a bowler's performance which scores very
highly is their ability to bowl a maiden over1. There are 40 points allocated to bowling a maiden,
this is the second highest points allocation, with only a 5 wicket haul of more value. The ability
of a bowler to bowl a maiden must thus also be included.
It is proposed that a new measure, the maiden rate (MDN), be introduced. The maiden
rate is deﬁned as
MDN =
o
m
=
1
6b
m
(3.1)
where o = the number of overs bowled and m = the number of maidens bowled. The maiden
rate is interpreted as the number of overs bowled per maiden. The values ofMDN range between
[1,∞), and the measure can only be calculated once a maiden is bowled. The lower the value
of the measure, the better the ability of the bowler. For example, a player with a maiden rate
of 1 is a player who bowls a maiden every over (synonymous with an economy rate of zero). A
player with a maiden rate of 2 bowls a maiden for every 2 completed overs, and so forth.
The modiﬁed CBR which includes the maiden rate (MDN), is termed the fantasy combined
bowling rate (FCBR) and deﬁned as
FCBR =
4
1
AV EtBWL
+ 1
ECONtBWL
+ 1
SRtBWL
+ 1MDN
=
4r
w + 16b+
rw
b +
1
6
rb
m
. (3.2)
It is proposed that using this measure will assist in the selection of bowlers for a fantasy league
team.
1A maiden over is a bowled when a bowler completes an over without conceding any runs.
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3.2.2 Barr and Kantor Bowling Measure
Barr and Kantor (2004) developed a batting measure denoted as BK (in Equation 1.15) and
deﬁned as
BK =
(
SRtBAT
)α (
AV EtBAT
)1−α
.
This measure gives an indication of the batting ability of a cricketer. Sharp, Brettenny, Lourens,
Gonsalves and Stretch (2009) use an adaptation of this measure to evaluate bowling performance.
Similar to that of Sharp et. al. (2009) the following bowling performance measure is deﬁned
BKBWL =
(
ECON tBWL
)β (
AV EtBWL
)1−β
(3.3)
where 0 ≤ β ≤ 1. This measure gives an indication of the bowlers ability to take wickets
(AV EtBWL) and to limit the number of runs conceded (ECON
t
BWL). The value of β indicates
the perceived importance of the bowling economy rate with respect to the bowling average. Since
low values of AV EtBWL and ECON
t
BWL indicate a good bowler, it is clear that low values of
BKBWL are preferred.
3.2.3 Adjusted Barr and Kantor Batting Measure
To develop a performance measure to be used in a fantasy league setting, an adjustment to the
methodology of Barr and Kantor (2004) is proposed. Barr and Kantor (2004) discuss a method
to combine the batting average and strike rate of a batsmen. The fantasy league used in this
study only considers the number of runs scored by a cricketer in a match and does not account
for out or not out batting scores or even whether the cricketer batted or not. Thus the batting
average used by Barr and Kantor (2004) may provide misleading results in a fantasy setting as
many not out scores can inﬂate this statistic. To determine the number of runs scored by a
cricketer per match in which they played an adjusted batting average is proposed. This measure
is termed the mean batting score (BT ) of a cricketer and is deﬁned as
BT =
total number of runs scored
total number of matches played
. (3.4)
This measure is used since the fantasy league score of a player is based on their participation in
a given match (i.e. if a batsman doesn't bat in a given match his fantasy league score for batting
is zero). The above measure allocates a score of 0 to a player who participated in a match but
did not bat. In so doing the BT measure will increase for batsmen who tend to bat more often
(for example: opening batsmen). This is ideal for a fantasy league team as a participant would
want to select batsmen who tend to bat more frequently (thus increasing their opportunity to
score points). The adjusted Barr and Kantor batting measure is now deﬁned as
BKBAT =
(
SRtBAT
)α (
BT
)1−α
(3.5)
where 0 ≤ α ≤ 1.
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3.2.4 Gerber and Sharp Adaptation
The approach used by Gerber and Sharp (2006) to gauge a cricketer's ability is outlined in Section
1.3.5. The batting ability of cricketer i is measured using the ratio of his batting average to the
mean batting average of all batsmen (given in Equation 1.16 as BTGSi ). The bowling ability of a
cricketer is similarly calculated using the bowling economy rate, however this measure (given in
Equation 1.18 as BLGSi ) is adjusted so that high values of the measure indicate more desirable
bowlers. The approach used by Gerber and Sharp (2006) is unique in that it provides a researcher
with a method to gauge the ﬁelding ability of a cricketer (given in Equation 1.19 as FLDGSi ).
This is useful as a combination of these measures can be used to assess the overall ability of a
cricketer. In this study the calculation of BTGSi is adapted to ﬁt a fantasy league scenario. This
is done by calculating BTGSi using a mean batting score (BT ) rather than the batting average
as in Equation 1.16.
It is decided that a linear combination should be used in order to combine all the above
measures into a single overall performance measure. In other words, for cricketers listed as
specialist batsmen, the measure is deﬁned as
BATi = a1BTGSi + a2BL
GS
i + a3FLD
GS
i (3.6)
where i indicates the ith batsman. Since batsmen aren't selected for their bowling ability, BLGSi
is not calculated for batsmen and a mean value of BLGSi = 1 is used.
For bowlers, the following measure is deﬁned
BWLi = b1BTGSi + b2BL
GS
i + b3FLD
GS
i (3.7)
where i indicates the ith bowler. Similar to the justiﬁcation used for batsmen, bowlers are not
selected for their batting ability, BTGSi is not calculated and a mean value of BT
GS
i = 1 is used.
The measure for wicket keepers is deﬁned as
WKRi = c1BTGSi + c2BL
GS
i + c3FLD
GS
i (3.8)
where i indicates the ith wicket keeper. As with batsmen, a value of BLGSi = 1 is used since
wicket keepers do not traditionally bowl.
For all rounders, the measure is deﬁned as
ALRi = d1BTGSi + d2BL
GS
i + d3FLD
GS
i (3.9)
where i indicates the ith all rounder.
The values of ai, bi, ci, and di where i ∈ {1, 2, 3} are determined using the results obtained
from the analysis 2007 ICC World Twenty20. These values are calculated as the ratio of the
fantasy league points scored in each discipline (i.e. batting, bowling and ﬁelding) to the total
number of points scored in that discipline. This is done for each player category (i.e. batsman,
bowler, all rounder and wicket keeper). These values are calculated and provided in Section 4.1.
It must be noted that the standard deviations of the indices (BTGSi , BWL
GS
i and FLD
GS
i )
are equated (to the fourth decimal place) using the method described in Lemmer (2004) and
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detailed in Section 1.3.3. The base value used is the standard deviation of FLDGSi for each
category as this is the only index common to all measures. This was done in order to standardise
the results.
3.2.5 Measures using the Estimated Fantasy League Scores
To evaluate the fantasy league performance of cricketers, the estimated fantasy league scores
using the linear model (Section 3.1.2) are used. Basic descriptive statistics, such as the mean
and median, are used to assess the fantasy performance of players.
To gauge the current fantasy performance of cricketers, measures which focus on (or allocate
a higher weight to) the more recent scores are used. The measures used in this study are the m-
point moving average denoted (MAm), the exponentially weighted average denoted (AV E
exp),
the mean and the median.
Suppose that Y1, Y2, . . . , Yn denote the estimated fantasy league scores for a cricketer who
has played n limited overs (ListA and Twenty20) matches. Suppose further that the Yn denotes
the most recent score, Yn−1 denotes the second most recent score and so on. This would imply
that Y1 denotes the estimated fantasy league score of the cricketer in their ﬁrst oﬃcial limited
overs match.
The m-point Moving Average
The m-point moving average is deﬁned as
MAm =
Yn + Yn−1 + · · ·+ Yn−m+1
m
for n ≥ m. This method thus only considers the last m matches in which the cricketer took
part. The measure is thus deﬁned as the arithmetic mean of the estimated fantasy league scores
obtained for the cricketer in their last m matches. If n < m, the arithmetic mean is used for the
available data. The measure is deﬁned as
FMAm =

Yn+Yn−1+···+Y1
n if n < m
Yn+Yn−1+···+Yn−m+1
m if n ≥ m.
(3.10)
This measure gives an indication of the current performance (or form) of the cricketer. For
the purpose of this study it is decided to use m ∈ {5, 10}. These values are arbitrarily chosen
to represent the most recent form (m = 5) and an extended period of form (m = 10) of the
cricketer.
The Exponentially Weighted Average
Using the deﬁnition of the exponentially weighted average is deﬁned in Section 1.3.3, the expo-
nentially weighted average of the estimated fantasy league score is deﬁned as
FEWA = AV Eexp = wYn + αwYn−1 + α2wYn−2 + · · ·+ αn−1wY1 (3.11)
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where 0 ≤ α ≤ 1 and w is deﬁned as in Section 1.3.3. Setting α = 1 would result in the
arithmetic mean thus giving every observation an equal weight. Should α = 0 only the most
recent observation is considered. An α value between 0 and 1 results in higher weightings for
more recent data points. In accordance with Lemmer (2004) and the PriceWaterhouseCoopers
ratings system of 2002 it is decided to use α = 0.96.
The Mean and Median
The mean and median of the estimated fantasy league scores are also considered as performance
measures for each of the cricketers. The fantasy mean is deﬁned as
Fmean =
1
n
n∑
i=1
Yi. (3.12)
The fantasy median is deﬁned as
Fmed =
Y
[n+12 ] if n is odd
Y [
n
2 ]+Y [
n+2
2 ]
2 if n is even
(3.13)
where Y [i] is the ith order statistic of Y1, Y2, . . . , Yn.
These statistics are created in order to provide measures which are speciﬁcally related to
fantasy league cricket, rather than cricket in general. By using these measures it is hoped that
the fantasy league ability of a cricketer may be better estimated.
3.3 Evaluation of Performance Measures
To evaluate the usefulness of the performance measures in Section 3.2 a fantasy league setting
is deﬁned for the 2007 ICC World Twenty20 tournament. These measures are evaluated to
determine which is the best measure for establishing a starting line up for the 2008 IPL fantasy
league. The measures are also used to assist with team changes as the tournament progresses.
It must be noted that evaluating the performance measures using the 2007 ICC World Twenty20
is not an ideal approach. Since the 2008 IPL was held in a diﬀerent country and thus under
diﬀerent playing conditions, the results have limitations. However, since the 2008 IPL was the
ﬁrst of its kind no other information is available and as such the 2007 ICC World Twenty20 data
is used.
The usefulness of a measure is determined using the coeﬃcient of correlation. This statistic
provides a method for ranking the performance measures. This ranking is based on the correlation
between the values of the performance measures for a cricketer and the total number of fantasy
league points scored by the cricketer. The performance measures are then ranked according to
the value of the coeﬃcient of correlation. High values of the coeﬃcient of correlation imply
that good values of the performance measure associate with high fantasy league scores. The
performance measures with the highest estimated correlation are thus selected to be used in the
objective function of the BIP model used to select the fantasy league team (Section 3.4). It is
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envisioned that optimising this function of the performance measures will result in maximising
the total fantasy league score.
A number of performance measures are evaluated for each player category (i.e batsmen,
bowlers, all rounders and wicket keepers). The results of this evaluation are provided and dis-
cussed in Section 4.3.2.
3.3.1 The Coeﬃcient of Correlation (ρ)
To assess the usefulness of a performance measure the coeﬃcient of correlation (ρ) is used. The
sample estimate of the coeﬃcient of correlation is deﬁned in Mendenhall and Sincich (2003) as
ρˆ =
SSxy√
SSxxSSyy
=
∑
(xi − x¯) (yi − y¯)√∑
(xi − x¯)2
∑
(yi − y¯)2
(3.14)
were ρˆ is the measure of the strength of the linear relationship between the variables x and y.
The range of ρˆ is given as −1 ≤ ρˆ ≤ 1, with values near 1 indicating a strong positive linear
relationship and values near −1 indicating a strong negative linear relationship between the
variables. Values of ρˆ near zero indicate no linear relationship is present.
In order to assess the usefulness of a performance measure, the coeﬃcient of correlation
between the values of the performance measure (for each player in each category) and the total
fantasy league score of the player is calculated. The total fantasy league score is used instead
of the average fantasy league score for each player as there are a number of cricketers who only
played in one or two games, and these values skewed the results.
For all but three measures (CBR, FCBR and BKBWL) values of the coeﬃcient of correlation
near 1 are desired. This indicates that cricketers who have high values of the performance measure
would score highly in a fantasy league. For CBR, FCBR and BKBWL where low values of these
measures indicate good cricketers, it is desired that the values of the coeﬃcient of correlation be
near −1.
It must be noted that all performance measures for the 2007 ICC World Twenty20 are cal-
culated using data from prior to the commencement of the competition. This is done in order to
investigate the usefulness of a performance measure to select a fantasy league team using data
only available at the start of the competition.
The best performance measure is chosen for each category according to their ρˆ value, and
these performance measures are then used to select the team for the 2008 IPL.
Optimisation of the Barr and Kantor Measures using ρˆ
In order to select the best values of α for the BKBAT measures, as well as the best values of β
for the BKBWL measures the value of the estimated correlation coeﬃcient is used.
The value of α is chosen (for each player category) by using Microsoft Excel's Solver. Solver
is used to maximise the estimated correlation (measured by ρˆ) between the BKBAT values and
the total fantasy league scores by changing the value of α. This is done in order to select the
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most appropriate value of α for the fantasy league selection process.
It is clear that if the value of α is 0 or 1 the BKBAT measure is equivalent to the mean
batting score or batting strike rate respectively. Thus, should the optimal value of α be one of
these end points, the measure is no longer a Barr and Kantor measure. To prevent this an added
restriction of 0.1 ≤ α ≤ 0.9 is imposed. This adjustment ensures that each measure (BT and
SRtBAT ) contributes at least 10% towards the calculation of the BKBAT measure. (The value of
10% is chosen arbitrarily). This optimisation procedure is run for each category for both ListA
and Twenty20 games (separately).
A similar procedure is followed to select the β values for the BKBWL measures.
3.3.2 List of the Performance Measures used
The performance measures assessed are listed below and denoted by the terms in brackets.
• The mean of the estimated (and standardised) fantasy league scores (denoted Fmean).
• The median of the estimated (and standardised) fantasy league scores (denoted Fmed).
• The 5 point moving average of the estimated (and standardised) fantasy league scores
(denoted FMA10).
• The 10 point moving average of the estimated (and standardised) fantasy league scores
(denoted FMA10).
• The exponentially weighted average of the estimated (and standardised) fantasy league
scores (denoted FEWA).
• Lemmer's batting performance measure for ListA games (BPLtA) and for Twenty20 games
(BPTw20).
• Lemmer's combined bowling rate for ListA games (CBRLtA) and for Twenty20 games
(CBRTw20).
• The Fantasy combined bowling rate for ListA games (FCBRLtA) and for Twenty20 games
(FCBRTw20).
• Adapted Gerber and Sharp Measure for batsmen for ListA games (BATLtAi ) and for
Twenty20 games (BAT Tw20i ).
• Adapted Gerber and Sharp Measure for bowlers for ListA games (BWLLtAi ) and for
Twenty20 games (BWLTw20i ).
• Adapted Gerber and Sharp Measure for all rounders for ListA games (ALRLtAi ) and for
Twenty20 games (ALRTw20i ).
• Adapted Gerber and Sharp Measure for wicket keepers in ListA games (WKRLtAi ) and for
Twenty20 games (WKRTw20i ).
• The adjusted Barr and Kantor batting selection criterion for ListA games (BKLtABAT ) and
for Twenty20 games (BKTw20BAT ).
CHAPTER 3. METHODOLOGY 37
• The adapted Barr and Kantor measure for bowlers for ListA games (BKLtABWL) and for
Twenty20 games (BKTw20BWL).
Since every cricketer is classiﬁed into one of four categories (batsman, bowler, all rounder, wicket
keeper), to assess the performance of each individual player diﬀerent measures are used.
Table 3.1 indicates the performance measures evaluated for each player category (as deter-
mined on CricInfo IPL Fantasy League (2008)).
Measure Batsmen Bowlers All Rounders Wicket Keepers
Fmean F F F F
Fmed F F F F
FMA10 F F F F
FMA5 F F F F
FEWA F F F F
BPLtA F F F
BPTw20 F F F
CBRLtA F F
CBRTw20 F F
FCBRLtA F F
FCBRTw20 F F
BATLtAi F
BAT Tw20i F
BWLLtAi F
BWLTw20i F
ALRLtAi F
ALRTw20i F
WKRLtAi F
WKRTw20i F
BKLtABAT F F F
BKLtABAT F F F
BKLtABWL F F
BKTw20BWL F F
Table 3.1: Performance measures which were assessed for each player category
3.4 Formulation of a Binary Integer Programming Model
The problem investigated in this dissertation can be stated as follows:
A team of eleven players must be chosen. Each player falls within a designated category
(batsman, bowler, all rounder, wicket keeper) and is given a price. The team must be chosen
according to a predetermined formation provided in Section 2.1.1. The total value of the team
cannot exceed 1 000 000 units. The tournament is partitioned into several fantasy stages. A
maximum number of s changes can be made to this team during the course of the tournament.
The objective is to maximise the fantasy league score by making the appropriate team selection
changes at the start of each stage. In so doing the total number of points across the entire
tournament will be maximised.
The problem is a BIP problem, as the decision to be made at each stage of the tournament
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is whether or not a player should be selected. The BIP technique is useful as it allocates a value
of 1 to the decision variable if the player should be selected and a value of 0 if not selected.
In order to formulate the BIP model, the following three components must be deﬁned
• The decision variables;
• The constraints; and
• The objective function.
3.4.1 The Decision Variables
Suppose that there are n players available for selection during the tournament which consists of
q fantasy stages. The decision vector X (nq × 1) is deﬁned as
X ′ =
[
x1 x2 · · · xnq
]
where xi+(k−1)n is the decision variable for player i for stage k and k ∈ {1, 2, . . . , q}. The decision
variable is thus deﬁned as
xi+(k−1)n =
1 if player i is selected for stage k0 otherwise.
3.4.2 The Constraints
The three constraints imposed on a fantasy league team address the following limitations imposed
by the rules of the league.
• Budget;
• Player and team composition; and
• Changes.
Before the constraints are formulated the following two vectors are deﬁned:
1. The zero vector, denoted 0 (n× 1) is deﬁned as:
0′ =
[
0 0 · · · 0
]
2. The one vector, denoted 1 (n× 1) is deﬁned as:
1′ =
[
1 1 · · · 1
]
Budget Constraints
The budget constraints address the budget limitation imposed on a fantasy league team. The
constraint ensures that the total value of the players selected does not exceed 1 000 000 units.
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Deﬁne the price of player i as pi. The price vector P (n× 1) is thus deﬁned as
P ′ =
[
p1 p2 · · · pn
]
.
Given that the prices of the players are ﬁxed throughout this fantasy league, this vector remains
constant.
The budget must not be exceeded at any stage of the tournament, it is thus necessary to
include a budget constraint for each of the q stages. The budget vector for stage k denoted
F k (nq × 1) is now deﬁned as
F ′k =

1st stage︷︸︸︷
0′ · · ·
(k−1)th stage︷︸︸︷
0′ P ′︸︷︷︸
kth stage
(k+1)th stage︷︸︸︷
0′ · · ·
qth stage︷︸︸︷
0′
 . (3.15)
The budget constraints can now be expressed as
Constraint 1 : F ′kX ≤ 1 000 000 ∀ k ∈ {1, 2, . . . , q} .
These constraints ensure that the budget of 1 000 000 units is not exceeded at any stage of the
competition.
Player and Formation Constraints
The player constraints ensure that the total number of players in the fantasy league team
equals 11 at all stages of the tournament. As with the budget constraint it is necessary to
include the player constraint at each stage of the tournament. The player vector for stage k,
denoted Ek (nq × 1), is deﬁned as
E′k =

1st stage︷︸︸︷
0′ · · ·
(k−1)th stage︷︸︸︷
0′ 1′︸︷︷︸
kth stage
(k+1)th stage︷︸︸︷
0′ · · ·
qth stage︷︸︸︷
0′
 .
The player constraints are now formulated as
Constraint 2 : E′kX = 11 ∀ k ∈ {1, 2, . . . , q}
which ensures that 11 players are selected at each stage of the tournament.
In order to include the constraints on the formation of a team as required by the rules of the
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fantasy league, the following variables are deﬁned.
di =
1 if player i is a batsman0 otherwise (3.16)
ci =
1 if player i is a bowler0 otherwise (3.17)
bi =
1 if player i is a wicket keeper0 otherwise (3.18)
ai =
1 if player i is an all rounder0 otherwise (3.19)
These variables are deﬁned for all i ∈ {1, 2, . . . , n}.
The number of batsmen selected for a fantasy league team at each stage of the competition
must be 4. In order to include this as one of the constraints the following batting vector, denoted
BT (n× 1), is deﬁned as
BT ′ =
[
d1 d2 · · · dn
]
.
The batsmen vector for stage k, denoted Dk (nq × 1), is deﬁned similarly to Equation 3.15 as
D′k =

1st stage︷︸︸︷
0′ · · ·
(k−1)th stage︷︸︸︷
0′ BT ′︸︷︷︸
kth stage
(k+1)th stage︷︸︸︷
0′ · · ·
qth stage︷︸︸︷
0′
 .
Using a similar approach, the bowling, wicket keeping and all rounder vectors (denotedBL (n×1),
WK (n× 1) and AR (n× 1) respectively) are deﬁned as
BL′ =
[
c1 c2 · · · cn
]
;
WK ′ =
[
b1 b2 · · · bn
]
;
AR′ =
[
a1 a2 · · · an
]
respectively. Similar to formulation the batsmen vector, the bowler vector of stage k, denoted
Ck (nq × 1), is deﬁned as
C ′k =

1st stage︷︸︸︷
0′ · · ·
(k−1)th stage︷︸︸︷
0′ BL′︸︷︷︸
kth stage
(k+1)th stage︷︸︸︷
0′ · · ·
qth stage︷︸︸︷
0′
 .
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The wicket keeper vector for stage k, Bk (nq × 1), denoted is deﬁned as
B′k =

1st stage︷︸︸︷
0′ · · ·
(k−1)th stage︷︸︸︷
0′ WK ′︸ ︷︷ ︸
kth stage
(k+1)th stage︷︸︸︷
0′ · · ·
qth stage︷︸︸︷
0′
 .
Lastly, the all rounder vector for stage k, denoted Ak (nq × 1), is similarly deﬁned as
A′k =

1st stage︷︸︸︷
0′ · · ·
(k−1)th stage︷︸︸︷
0′ AR′︸︷︷︸
kth stage
(k+1)th stage︷︸︸︷
0′ · · ·
qth stage︷︸︸︷
0′
 .
The number of batsmen in a fantasy league team must equal 4 at each stage of the competi-
tion. These constraints are included as
Constraint 3 : D′kX = 4 ∀ k ∈ {1, 2, . . . , q} .
The number of bowlers in a team can be either 3 or 4, thus the following constraints are added
Constraint 4 : 3 ≤ C ′kX ≤ 4 ∀ k ∈ {1, 2, . . . , q} .
The wicket keeper constraints (only one wicket keeper per team) follow as
Constraint 5 : B′kX = 1 ∀ k ∈ {1, 2, . . . , q} .
Finally, a fantasy league team can consist of either 2 or 3 all rounders, these constraints are
formulated as
Constraint 6 : 2 ≤ A′kX ≤ 3 ∀ k ∈ {1, 2, . . . , q} .
Constraint on the Number of Changes
For the purpose of generality, although the fantasy rules state that a maximum of 20 changes
can be made, it is assumed that s changes are allowed where s ∈ {0, 1, 2, . . .}.
In a tournament consisting of q stages, there are q − 1 opportunities to make changes to the
team, after stage 1, after stage 2, all the way to after stage q− 1 (i.e. before the last stage (stage
q)). In order to count the number of changes made, the following summation is required
n(q−1)∑
i=1
(xi × xi+n) . (3.20)
Since xi = 0 or 1 ∀i, we have that xi × xi+n = 0 or 1. In fact, when considering xi and xi+n,
xi indicates player i 's selection during the current stage, and xi+n indicates his selection in the
following stage. Thus xi×xi+n = 1 indicates that player i was selected for both stages, whereas
if xi × xi+n = 0, this may indicate that a change was made. This change could be that player
i was included in the current stage and removed for the following stage, or vice versa. Clearly
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xi × xi+n = 0 could also indicate that player i was selected for neither stage, however this does
not eﬀect the results. The summation given in Equation 3.20 thus indicates the number of players
who remained from one stage to the next, throughout the duration of the tournament.
If we consider a 2 stage tournament, Equation 3.20 becomes
n(2−1)∑
i=1
(xi × xi+n) =
n∑
i=1
(xi × xi+n)
this equation represents the number of players who remained in the initial team after the ﬁrst
stage. Clearly if no changes were made, then
n∑
i=1
(xi × xi+n) = 11. If one was made then
n∑
i=1
(xi × xi+n) = 10. Thus, in order to determine the number of changes made in this example,
the following equation is used
11× (2− 1)−
n(2−1)∑
i=1
(xi × xi+n) .
So, for competitions with q stages the equation to count the total number of changes made simply
becomes
11× (q − 1)−
n(q−1)∑
i=1
(xi × xi+n) .
The constraint on the number of changes that can be made is thus given as
Constraint 7 : 11× (q − 1)−
n(q−1)∑
i=1
(xi × xi+n) ≤ s.
3.4.3 The Objective Function
The objective function is formulated using a retrospective approach and a prospective approach.
A retrospective approach is formulated to determine the fantasy league team selection for the
tournament when all the fantasy league results are available (i.e. at the end of the tournament).
A prospective approach is formulated to determine a selection procedure which only uses the
values of the performance measures, and no information regarding future fantasy league scores
is known. This approach can be used from the start of the tournament.
Retrospective Approach
The retrospective approach is formulated by deﬁning a score vector, denoted S (nq × 1) and
deﬁned as
S′ =
[
s1 s2 · · · snq
]
where si+(k−1)n denotes the fantasy league score of player i for stage k where k ∈ {1, 2, . . . , q}.
Clearly this information is only available at the conclusion of the tournament. The objective
function for this approach is then given as
Z = S′X = s1x1 + s2x2 + · · ·+ snqxnq. (3.21)
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Since the information in S is only available at the end of the tournament, this is a retrospective
approach. Maximising the objective function Z according to the constraints results in the optimal
solution to the fantasy league selection problem after the results are known. It represents the best
possible selection and change strategy. However this strategy is only available at the completion
of the tournament, and is of little value to a fantasy league participant who requires a strategy
at the commencement of the competition.
The solution of the problem using this objective function (Z) is thus viewed as the ideal
scenario, and is used for comparative purposes only.
Prospective Approach
To develop a practical approach to the fantasy league team selection process, a prospective
approach is necessary. This method is where at each stage of the fantasy league, only data up to
that stage is available for analysis. It is thus necessary to use the performance measures and the
tournament stage data to select or modify the fantasy league team. The values of the available
data are then optimised using the BIP model at each stage to determine the fantasy league team
at each stage.
To develop a formulation of the objective function for this approach, the following perfor-
mance vector, denoted M (nq × 1), is deﬁned
M ′ =
[
m1 m2 · · · mnq
]
where mi+(k−1)n denotes the performance measure of player i calculated prior to the commence-
ment of stage k where k ∈ {1, 2, . . . , q}. It must be noted that the performance measures
mentioned are calculated using the most recent information available. The performance mea-
sures used to construct the M vector are those which performed the best according to the value
of the coeﬃcient of correlation. The team selection process would now become a matter of en-
suring that the cricketers with the best values of the chosen performance measures are selected.
By optimising the sum of the performance measures (at each stage) it envisioned that the best
performing players will be selected for the following stage.
To deﬁne the information available to a team selector, the possibility that a particular player
is injured or unavailable for a particular stage must be accounted for. Since knowledge of these
events would most likely be known to a fantasy league participant, some adjustments need to be
made to the performance vector M (nq × 1).
Suppose that player i did not participate in a particular stage of the tournament, say stage t.
To adjust for this the value given to mi+(t−1)n is zero (i.e. mi+(t−1)n = 0). The vector containing
this adjusted information is denoted R (nq × 1) and deﬁned as
R′ =
[
r1 r2 · · · rnq
]
where ri+(k−1)n denotes the adjusted performance measure (i.e. with zero's) for player i for stage
k.
The data required to calculated the performances vectors M (nq × 1) and R (nq × 1) is
collected sequentially. As a result these vectors are only fully deﬁned at the last stage of the
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competition. The vectorsM (nq×1) and R (nq×1) are thus split into q separate vectors of size
n × 1, denoted Mk (n× 1) and Rk (n× 1) where k ∈ {1, 2, . . . , q} respectively. These vectors
represent the performance measure and adjusted performance measures calculated for each stage
sequentially.
The prospective approach then runs separate optimisation procedures for each stage of the
competition. One procedure for each of the Mk (n× 1) and Rk (n× 1) vectors. In so doing,
the method remains entirely prospective in nature and thus is of use to a fantasy league team
selector.
In order to facilitate this prospective approach a few changes need to be made to Constraint
7. The constraint is given as
11× (q − 1)−
n(q−1)∑
i=1
(xi × xi+n) ≤ s
where q is the number of stages and s is the maximum number of changes allowed. This constraint
considers the problem in its entirety and limits the total number of changes made across a whole
competition. This constraint can only be used if the entire performance vector, M (nq × 1),
is deﬁned. Thus rather than running a single optimisation over the competition as a whole, q
separate BIP problems are solved (one for each stage of the competition).
A problem arises when the maximum number of changes over the entire competition is con-
sidered. Suppose that the maximum number of changes allowed is s and that changes can only
be made after each stage. Thus if there are q stages there are only q − 1 opportunities to make
changes to the team. A simple method for calculating the number of changes allowed at each
stage is by dividing the maximum number of changes allowed (s) by the number of opportunities
available to make changes (q − 1). Thus the maximum number of changes allowed to be made
between consecutive stages is
si =
s
q − 1 .
Although it is not ideal to limit the number of changes between stages (as this could result in
a non-optimal overall solution), it is a solution that a prospective approach can employ. Should
si /∈ Z, then si is rounded to the nearest integer and the value of si for the ﬁnal stage is adjusted
such that
∑
si = s. Furthermore, should less than si changes be made in any given stage, then
the maximum number of changes allowed for the next stage is increased by the number of unused
changes in the previous stage. This procedure is continued throughout the competition.
An alternative method to determine the best way to make changes is by considering the
extent to which the value of the statistics improve when a cricketer is changed. In this case small
increments would result in the team staying constant across the stages, whereas large increments
would justify a change in the team. This is mentioned as an area for future investigation.
The q individual integer programming problems are deﬁned for the following periods: (1)
selection of the initial team (i.e. for Stage 1); (2) selection of team for Stage 2; (3) selection of
team for Stage 3; · · · ; and (q) selection of team for stage q. These selections are all performed
prior to the start of each stage.
For the selection of the initial team (i.e. for the ﬁrst stage), the number of changes made is
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of no concern as the changes are only monitored from the commencement of the competition.
Thus, in order to select this initial team, an integer programming problem with Constraints 1 to
6 is considered. The notation for the decision vector is changed from X to Y for the prospective
approach. This is done to distinguish it from the decision vector used in the retrospective
approach. Let the decision vector for stage 1, denoted Y 1 (n× 1), where
Y ′1 =
[
y11 y12 · · · y1n
]
and y1i is a binary decision variable indicating whether or not player i is selected for Stage 1.
The objective function can thus be written as
Z1 = Y ′1M1 = m1y11 +m2y12 + · · ·+mny1n (3.22)
where mi are the performance measures deﬁned for the performance vector M .
In order to determine the selected teams for the following stages (i.e. Y 2, Y 3, · · · , Y q), q− 1
additional integer programs are run. For these optimisation routines, the number of changes
allowed is limited to si. In order to satisfy this requirement the following constraint is included
in each of the integer programming problems
Constraint 8 : 11− Y ′k−1Y k ≤ si
where Y k−1 is the solution to the previous integer programming problem.
These integer programs only consist of one stage and include the Constraints 1 to 6 as well
as Constraint 8. The integer program is run to determine the decision variable Y k (i.e. to select
the team for stage k) where
Y ′k =
[
yk1 yk2 · · · ykn
]
.
and yki is a binary decision variable indicating whether or not player i is selected for stage k
where k ∈ {2, 3, . . . , q}. In order to determine Y k the objective function
Zk = Y ′kMk = m1+(k−1)nyk1 +m2+(k−1)nyk2 + · · ·+mn+(k−1)nykn
is used, where mi are the performance measures deﬁned for the performance vector M . The
decision vector Y k therefore indicates the prospective selection strategy for stage k.
This optimisation problem is run q − 1 times, and ideally the prospective decision vector
Y (nq × 1) deﬁned as
Y ′ =
[
Y ′1 Y
′
2 · · · Y ′q
]
will be similar to decision vector X obtained by solving the single retrospective integer program
with the objective function Z and Constraints 1 to 7.
The prospective methodology described is then run for a second time. This time the perfor-
mance vectorM (nq×1) information is replaced with the adjusted performance vector R (nq×1)
information. By solving this integer program an entirely prospective solution is found for the
scenario when injury and availability data are included.
An illustration of the results of these approaches is presented in Chapter 4.
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This chapter provides a detailed description of the methodology used in this study. The use of
preliminary descriptive statistics and linear regression modelling is discussed. The methodology
behind the development and adaptations of new, fantasy league speciﬁc, performance measures
is provided. An approach to evaluate the given performance measures is also discussed. Finally,
a detailed description of the BIP used to select the fantasy league team is provided. The devel-
opment of the BIP is the major contribution of this study to the body of academic knowledge
whilst the application to fantasy league team selection for cricket is a ﬁrst.
Chapter 4
Results and Discussion
4.1 Analysis of the Fantasy League Point Distribution
The results discussed in this section include the data collected across all the games of the 2007
ICC World Twenty20 tournament. The results are used for the allocation of weights to the
adapted Gerber and Sharp measures described in Section 3.2.4. The results also provide insight
into the nature of fantasy league scoring in a Twenty20 cricket competition. To analyse the data,
it is necessary to categorise each of the cricketers participating in the competition into one of the
following categories: batsman; bowler; all rounder or wicket keeper. The distribution of fantasy
league points across each of the categories and each of the disciplines (viz. batting, bowling and
ﬁelding) is then determined.
4.1.1 Results
A total of 24 621 fantasy league points were scored in the competition. The distribution of these
points according to the respective cricketing disciplines is given in Table 4.1.
Discipline Points %
Batting 9 906 40.23
Bowling 9 255 37.59
Fielding 4 160 16.90
Table 4.1: Summary statistics of fantasy league points according to cricketing discipline in the
2007 ICC World Twenty20
The remaining 5.28% (1 300 points) were allocated to man-of-the-match awards. This table
implies that in this fantasy league setting the batting ability of a player is the most important
ability followed by the bowling ability and then the ﬁelding ability of a cricketer. These results
lend support to the argument that the number of batsmen selected in a fantasy league team
should be high. It must however be noted that all cricketers bat (if required) while not all bowl,
and this could be the reason for the slightly inﬂated number of points allocated to the batting
discipline. To further explore the distribution of points and gain a better understanding of the
results of Table 4.1, it is necessary to consider the spread of points across the diﬀerent player
categories. The distribution of points across the player categories is given in Table 4.2.
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Category Points % Ave. Score MOTM
Batsmen 7 319 29.73 38.72 9
Bowlers 7 612 30.92 45.58 9
All Rounders 7 361 29.90 42.30 7
Wicket Keepers 2 329 9.46 34.76 1
Table 4.2: Summary statistics of fantasy league points according to player category in the 2007
ICC World Twenty20
The information given in Table 4.2 shows that bowlers in fact score the most points, followed
by all rounders, batsmen and then wicket keepers. These results suggest that the number of
bowlers selected in a fantasy league team should be as high as possible. The total number of
points accumulated by all rounders just exceeds that of batsmen, however, the average score
of an all rounder is noticeably more than that of a batsman. This illustrates that all rounders
should be preferred to batsmen. Given the restrictions imposed by the fantasy league under
consideration in this research, the results of Table 4.2 suggest that the following team formation
is optimal: 4 Batsmen, 4 Bowlers, 2 All Rounders and 1 Wicket Keeper.
Table 4.1 shows that although the batting discipline scores the most points, batsmen them-
selves are not the highest scorers. Rather, the high score allocated to the batting discipline can
be attributed to the fact that all cricketers bat, while not all bowl. Interestingly, batsmen and
bowlers both won an equal number of man-of-the-match awards (9), and yet the average batsmen
score is still less than that of all rounders who won only 7 such awards.
In conclusion for this section the joint distribution of points for cricketing discipline and
player category is considered. This is achieved by combining the results of Table 4.1 and Table
4.2. These results are tabulated in Table 4.3.
Batting Bowling Fielding
Batsmen 0.8231 0.0138 0.1631
Bowlers 0.0289 0.8587 0.1124
All Rounders 0.4038 0.4322 0.1640
Wicket Keepers 0.5327 -0.0088 0.4761
Table 4.3: Ratio of fantasy league points scored in cricketing discipline for each player category
in the 2007 ICC World Twenty20
This table gives the ratio of points scored in each cricketing discipline for the respective
player categories. It must be noted that although the man-of-the-match awards do eﬀect the
total number of points scored by a player, man-of-the-match is not a cricketing discipline. As
such, the ratios indicated in Table 4.3 exclude points awarded in this category.
The information provided in Table 4.3, in the case of batsmen and bowlers, provides no real
surprises and is what can be expected. Batsmen score the majority of their points in the batting
discipline and bowlers in the bowling discipline. Interesting to note is that players listed as
batsmen can bowl, although it is unlikely. This explains the 1.38% allocated to the bowling
discipline of the batsmen.
The all rounders category provides an interesting observation. All rounders score more points
for bowling than for batting. This implies that bowling all rounders should possibly be preferred
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to batting all rounders (this observation is merely noted, as information regarding the all rounder
types is not readily available for this study).
Lastly, the observation that 47.61% of wicket keepers scores comes from the ﬁelding discipline
is expected as wicket keepers are historically the most prominent ﬁelders in the game. A point
of concern in Table 4.3 is that the wicket keepers have a negative ratio for the bowling category.
This is explained by the fact that T Taibu of Zimbabwe, who is a wicket keeper, did not keep
wicket during every game and on one occasion was called upon to bowl. The resulting fantasy
league score for his bowling was a negative score (-20), indicating a poor bowling performance.
Since there is a small chance that players listed as wicket keepers can bowl, this result was
included.
Using the result in Table 4.3 the adapted Gerber and Sharp measures detailed in Section
3.2.4 may now be fully deﬁned. The measure for batsmen thus becomes
BATi = 0.8231 ·BTGSi + 0.0138 ·BLGSi + 0.1638 · FLDGSi .
For bowlers
BWLi = 0.0289 ·BTGSi + 0.8587 ·BLGSi + 0.1124 · FLDGSi .
For wicket keepers
WKRi = 0.5327 ·BTGSi − 0.0088 ·BLGSi + 0.4761 · FLDGSi .
For all rounders
ALRi = 0.4038 ·BTGSi + 0.4332 ·BLGSi + 0.1640 · FLDGSi .
The results discussed in this section thus provide information necessary for the development
and modiﬁcation of cricket performance measures for fantasy leagues.
4.2 Linear Regression Model
A multiple linear regression model is ﬁtted to data from the 2007 ICC World Twenty20 and the
2008 IPL. This linear model is used to estimate fantasy league scores for cricketers for games
played outside these competitions. The following data is collected for each cricketer: the number
of runs scored (and method of dismissal); the number of overs bowled; the number of maidens
bowled; the number of runs conceded; the number of wickets taken and the number of catches
taken. From this data an extra variable, named duck, is included. A batsman scores a duck
if he is dismissed without scoring any runs. The duck variable is thus a binary variable which
equals 1 if the batsman scored a duck and 0 otherwise.
In order to ﬁt a linear regression model the quantitative variables given in Table 4.4 are
deﬁned
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Symbol Variable Type
y Fantasy League Score Integer
x1 Runs Scored Integer
x2 Duck Binary
x3 Catches Taken Integer
x4 Overs Bowled Real
x5 Maidens Bowled Integer
x6 Runs Conceded Integer
x7 Wickets Taken Integer
Table 4.4: Variables used in the linear regression model
The variables indicated in Table 4.4 are used in the linear model, as this is the only information
collected for the games outside of the ICC World Twenty20 and IPL competitions (See Section
2.2.2).
Before the regression models are ﬁtted, the data set is divided into two categories.
• Category 1: data points including the cricketers who both batted and bowled in the same
match.
• Category 2: data points including the cricketers who only batted in a given match.
As a result of this distinction, it is required that two separate linear regression models be ﬁtted.
The fantasy league scores are then divided into y1 = fantasy scores from category 1; and y2 =
fantasy scores from category 2.
The following model is used for the data points from Category 1
E (y1) = β1x1 + β2x2 + β3x3 + β4x4 + β5x5 + β6x6 + β7x7 (4.1)
the intercept parameter (β0) is set equal to zero. This is done to ensure that all players who had
no impact on a game i.e. x1 = x2 = . . . = x7 = 0, would score zero (as they would using the
scoring method deﬁned in Section 2.1.2).
Similarly the following model is used for data points from Category 2
E (y1) = β1x1 + β2x2 + β3x3 (4.2)
with the equivalent rationalisation for setting β0 = 0.
4.2.1 Results of the Regression Analysis
Microsoft Excel is used to perform the regression analysis and the models are estimated using
the method of least squares.
Category 1
The model for Category 1 is given by
E (y1) = 1.9195x1−10.2564x2+14.4717x3+9.8940x4+36.9303x5−1.4858x6+35.2458x7 (4.3)
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This model is ﬁtted using 988 data points and the results of the regression analysis indicate a
very good ﬁt. These results are tabulated in Table 4.5.
Measure Value
Multiple R 0.9574
Adjusted R2 0.9150
Standard Error 15.4704
p-value (F -Test) 0
Table 4.5: Results of regression analysis for Category 1
The high adjusted R2 value of 0.915016 and the relatively low standard error indicate that
this model ﬁts the data well. The F -Test which is used to determine the utility of the model i.e.
whether the model is adequate for predicting y (Mendenhall and Sincich, 2003), has a p-value
of close to zero indicating that the ﬁtted model is useful for predicting fantasy league scores. It
must be noted that all the individual β parameters are signiﬁcantly diﬀerent from zero (using
t-test). The full output of this model is given in Appendix A, Table A.1.
Category 2
The regression model ﬁtted to the data from Category 2 is given as
E (y2) = 1.7985x1 − 8.3076x2 + 13.609x3 (4.4)
This model is ﬁtted using 873 data points and the goodness-of-ﬁt results are given in Table 3.6.
Measure Value
Multiple R 0.9341
Adjusted R2 0.8712
Standard Error 16.4394
p-value (F -Test) 0
Table 4.6: Results of regression analysis for Category 2
Once again, the high value for the adjusted R2 and the low value of the standard error
indicate that the model provides a good ﬁt. Similarly to Category 1, the F -Test for the utility
of the model has a p-value of close to zero and all the individual β parameters are signiﬁcantly
diﬀerent from zero (using t-test). The full output of this model is given in Appendix A, Table
A.2.
The tabulated results show that the ﬁtted linear models provide a satisfactory method to
estimate fantasy league scores.
4.2.2 Estimation of Fantasy League Scores
In order to gauge the overall ability of a cricketer, both their ListA and Twenty20 records are
assessed. Given that Twenty20 is a new format of the game, the inclusion of ListA information
is justiﬁed by the limited number of Twenty20 data. Combining the two formats (ListA and
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Twenty20) also gives a more comprehensive account of every cricketers overall limited overs
career, both domestic and international.
As a result of the inclusion of ListA matches, using the ﬁtted linear regression model requires
extrapolation. Mendenhall and Sincich (2003) deﬁne extrapolation as predicting outside the
experimental region, and this is required as the nature of a ListA game is diﬀerent to that of
a Twenty20 game. Since the linear model used only Twenty20 data, extrapolation is inevitable.
The concerns regarding extrapolation (outlined in Mendenhall and Sincich (2003)) are not an
issue in this research, as the use of the linear model in the case of ListA games is purely to give
a measure of a cricketer's performance in a given game for comparative purposes. Since no data
was collected for fantasy leagues based on ListA matches, this is the only indication available of
a player's fantasy league score. Since no ListA fantasy league points allocation is available, it is
argued that the use of the linear model is an acceptable method to estimate the fantasy league
scores.
In order to estimate the scores accurately, each data point is categorised into one of the
following game types: ListA International (ODI); ListA Domestic; Twenty20 International and
Twenty20 Domestic. An estimated fantasy league score for each data point is then calculated
using the appropriate linear model. This is done for each cricketer, for every game in which they
played. The mean fantasy league scores obtained for each game type is summarised in Table 4.7.
Type Mean Score
ListA International (ODI) 85.6853
ListA Domestic 92.4094
Twenty20 International 43.3033
Twenty20 Domestic 52.2199
Table 4.7: Mean predicted fantasy league scores for each game type
An interesting observation regarding the results in Table 4.7 is that the standard of the game
is reﬂected. For example, for both Twenty20 and ListA formats the average obtained for interna-
tional games is lower than that obtained for domestic games. This implies that the international
game is of a higher standard than the domestic game and this concurs with expectation. Fur-
thermore, the fact that ListA (both domestic and international) games have a higher average is
logical given that the game is longer, thus allowing for more maidens to be bowled and more runs
to be scored. An observation worth noting is that the number of runs scored in ListA matches
are higher than that of Twenty20 matches, and bowling economy rates are traditionally lower
in the longer form of the game. These factors result in higher fantasy league scores in ListA
matches than in Twenty20 matches.
To investigate a cricketer's entire limited over career both ListA and Twenty20 data are
combined into a single data set. The ﬁtted linear model is then used to estimate fantasy league
scores for every game in which the cricketer played. For the purpose of analysis, only the
estimated fantasy league scores are considered for each cricketer. Table 4.7 indicates that there
is a notable discrepancy between predicted fantasy league scores for each game type. Owing to
this, analysis of the estimated fantasy league scores may provide misleading results, particularly
for cricketers who have played in all formats of the game. To compare the estimated fantasy
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league scores on a similar scale, it is necessary to standardise the results. To do this each
estimated fantasy league score is divided by its respective mean score (given in Table 4.7). In
other words, suppose that Yij is deﬁned as the predicted fantasy league score of player Y in
their ith game (where j indicates the game type). That is j ∈ {1, 2, 3, 4} where 1 indicates a
ListA international match; 2 a ListA domestic match; 3 a Twenty20 international match and 4
a Twenty20 domestic match. Suppose further that Mj indicates the mean fantasy league score
from each game type (listed in Table 4.7). The standardised fantasy league score for player Y in
game i, denoted Y sti , is thus given as
Y sti =
Yij
Mj
. (4.5)
This adjusted fantasy league score of a player is thus an indication of their fantasy league score
as a proportion of the mean score for the given game type. Using this method each cricketer's
entire limited overs career (both Twenty20 and ListA) is combined into a single data set, without
the need to distinguish between game types. These adjusted fantasy league scores are then used
in the calculation of the fantasy performance measures deﬁned in Section 3.2.5.
4.3 Evaluation of the Performance Measures
4.3.1 Results
Each of the performance measures listed in Section 3.4.1 are evaluated using the coeﬃcient of
correlation (ρ). The results of the assessment for each player category, as deﬁned by the CricInfo
IPL Fantasy League (2008), are provided and discussed next.
Performance measures are only calculated for cricketers who played in at least 3 matches prior
to the commencement of the 2007 ICC World Twenty20 tournament. Given that the Twenty20
cricket is a new format of cricket a limited number of these games have been played by the
cricketers. Ideally the minimum number of games played would be a higher value, such as 5 or
10. However using these values would signiﬁcantly decrease the data set available for analysis.
For this reason a minimum of 3 games is chosen. This minimum number of matches needed to
be met in the game type for which the performance measure was calculated. As an example, for
a player to have a Twenty20 performance measure (for example BPTw20), the cricketer would
need to have played in at least 3 Twenty20 matches. This requirement is also used in the case
of ListA matches.
Fantasy type measures such as Fmean or Fmed, where both Twenty20 and ListA matches are
combined, required a cricketer to have participated in at least 3 matches when both disciplines
are combined. A cricketer is thus required to have participated in at least 3 limited overs matches
(regardless of the game format).
Batsmen
The estimated coeﬃcient of correlation (ρˆ) between the the performance measures calculated for
batsmen and their total fantasy league score in the 2007 ICC World Twenty20 is given in Table
4.8.
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Performance Measure ρˆ n
Fmean 0.4145 45
Fmed 0.3901 45
FMA5 0.3075 45
FMA10 0.3905 45
FEWA 0.4431 45
BPLtA 0.3480 44
BPTw20 0.1509 29
BATLtAi 0.4840 45
BAT Tw20i -0.0633 30
BKLtABAT 0.5230 45
BKTw20BAT 0.0258 30
Table 4.8: Batsmen: Estimated correlation between performance measures and fantasy league
score
Given the results in Table 4.8 the exponentially weighted average of the estimated fantasy
league score (FEWA) is chosen as the most useful measure for the selection of batsmen for a
fantasy league team. The reasons for this decision are that the FEWA is calculated using a
data set which combines both Twenty20 and ListA matches (in chronological order). This is
desirable since it provides an indication of the current form using both formats of the game.
Furthermore, FEWA assigns a higher weight to the more recent matches played by the cricketer
thus this method is good for determining a cricketer's current performance. For these reasons
it is argued that it is appropriate to use FEWA when investigating the changes that need to
be made during the course of the competition. Despite a lower ρˆ estimate for FEWA than for
BKLtABAT and BAT
LtA
i it is reasoned that FEWA has less limitations than BK
LtA
BAT and BAT
LtA
i .
Although the Barr and Kantor batting measure for ListA games (BKLtABAT ) has the best
estimated correlation (ρˆ = 0.5230), this measure is obtained using only ListA data. During the
Twenty20 tournament investigated in this study, the new data that becomes available cannot
be included. Therefore the measure cannot be updated after each stage of the tournament. A
distinct drawback to a fantasy league scenario which requires updating after each stage. Using
the BKLtABAT measure in this case will provide good results for once-oﬀ team selection, however
when changes are necessary this measure is not ideal. To adapt the BKLtABAT measure to include
Twenty20 data a combined measure is used. This combined measure is deﬁned as
BKcomBAT =
(
BKTw20BAT
)γ1 (
BKLtABAT
)1−γ1
(4.6)
where 0 ≤ γ1 ≤ 1. Solver is then used to maximise the correlation between BKcomBAT and the
total fantasy league score, by changing the value of γ1. The maximum correlation achieved using
this method is ρˆ = 0.3217, when γ1 = 0.0071. The correlation using the BKcomBAT measure is now
no longer the highest and the exclusion of this measure is further justiﬁed.
The adapted Gerber and Sharp measure BATLtAi has a correlation of ρˆ = 0.4840. Although
this value is high, the measure has the same drawback as the BKLtABAT measure i.e. it only
considers ListA data. In order to include Twenty20 data, the corresponding Twenty20 perfor-
mance measure (BAT Tw20i ) is used. For this measure ρˆ = −0.0633, indicating that high values
of BAT Tw20i correspond to low fantasy league scores which is undesirable. In order to combine
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the two measures, a method similar to that in Equation 4.6 is required. The combined measure
BAT comi is deﬁned as
BAT comi =
(
BAT Tw20i
)γ2 (
BATLtAi
)1−γ2
(4.7)
where 0 ≤ γ2 ≤ 1. Using Solver to maximise the correlation between BAT comi and the fantasy
league score results in ρˆ = 0.1607 when γ2 = 01. It is clear too that this combined measure
does not provide a high correlation. For these reasons this measure was also excluded from
consideration.
The results of the optimisation routine used for the Barr and Kantor measures are discussed
in Appendix D, Section D.1.
The full set of data for this section are given in Appendix B, Tables B.1 and B.2.
Bowlers
Table 4.9 provides the estimates of the correlation coeﬃcients (ρˆ) between the bowling per-
formance measures of a cricketer and their total fantasy league score for the 2007 ICC World
Twenty20 competition.
Performance Measure ρˆ n
Fmean 0.1265 39
Fmed 0.1180 39
FMA5 0.2586 39
FMA10 0.1515 39
FEWA 0.1757 39
CBRLtA -0.1706 39
CBRTw20 0.0229 30
FCBRLtA -0.1291 39
FCBRTw20 -0.0095 30
BWLLtAi 0.1848 39
BWLTw20i 0.0110 30
BKLtABWL -0.1856 39
BKTw20BWL -0.0103 29
Table 4.9: Bowlers: Estimated correlation between performance measures and fantasy league
score
The values of the estimated correlation coeﬃcient given in Table 4.9 are poor. The highest
value of ρˆ is obtained for FMA5 where ρˆ = 0.2586. Since Twenty20 data is included in the
calculation of this measure no further adjustments are necessary. This measure only considers
the last 5 matches in which the cricketer played and thus gives an indication of the cricketer's
current performance. This is a useful quality for a performance measure, especially for fantasy
leagues where team changes need to be made regularly. For these reasons FMA5 is chosen as the
preferred measure when selecting bowlers for a fantasy league team.
1Since γ2 = 0 one would expect that the estimated correlation for BAT
com
i would be equivalent to the estimated
correlation for BATLtAi . This is not the case since BAT
com
i is only calculated when both the corresponding ListA
and Twenty20 measures are available. Table 4.8 indicates that 45 ListA data points are used. Only 30 Twenty20
corresponding data points are available. This indicates that the estimated correlation for BAT comi uses at most
30 data points. This explains the diﬀerence between the estimated correlations for BAT comi and BAT
LtA
i .
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An interesting observation regarding the results shown in Table 4.9 is that measures using
the estimated fantasy league scores tended to perform particularly well. Furthermore, the CBR
outperformed the FCBR in the ListA format of the game, but the FCBR outperformed the
CBR for the Twenty20 format. An argument for this observation is that maiden overs, which
are included in the calculation of FCBR, have a greater eﬀect on the Twenty20 format of the
game than the ListA format.
The results of the optimisation routine used for the Barr and Kantor measures are discussed
in Appendix D, Section D.2.
The full set of data for this section are given in Appendix B, Tables B.3 and B.4.
All Rounders
Table 4.10 lists the estimates of the correlation coeﬃcient (ρˆ) between the performance measures
and the total fantasy league score for all rounders in the 2007 ICC World Twenty20 competition.
Performance Measure ρˆ n
Fmean 0.4576 52
Fmed 0.4837 52
FMA5 0.5566 52
FMA10 0.4799 52
FEWA 0.4563 52
BPLtA 0.3358 49
BPTw20 0.1091 32
CBRLtA -0.2158 51
CBRTw20 -0.0923 35
FCBRLtA -0.1076 51
FCBRTw20 -0.0937 35
ALRLtAi 0.3589 51
ALRTw20i 0.2833 35
BKLtABAT 0.4276 49
BKTw20BAT 0.3383 36
BKLtABWL -0.2254 51
BKTw20BWL -0.2158 35
Table 4.10: All Rounders: Estimated correlation between performance measures and fantasy
league score
The results show that the 5-point moving average of the estimated fantasy league score,
denoted FMA5 , with ρˆ = 0.5566 has the largest estimated correlation. A beneﬁt of this measure
is that FMA5 was also chosen as the preferred performance measure for the selection of bowlers.
This gives and indication of the consistency of this performance measure. Therefore the 5-point
moving average of the estimated fantasy league score is selected as the preferred measure when
selecting all rounders for a fantasy league team.
There are some notable similarities between Tables 4.9 and 4.10. In both tables all the
measures using the estimated fantasy league score (i.e. Fmean, Fmed, FMA5 , FMA10 and FEWA)
have the highest estimated correlations with the total fantasy league score. Furthermore in both
Table 4.9 and 4.10, the FCBR outperformed the CBR in the Twenty20 format of the game,
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while the CBR outperformed the FCBR for the ListA format. This provides additional support
that maiden overs have more of an eﬀect on the Twenty20 format of the game than the ListA
format.
The results of the optimisation of the Barr and Kantor measures are provided in Appendix
D, Section D.3.
The full set of data for this section are given in Appendix B, Tables B.5 and B.6.
Wicket Keepers
The ﬁnal category investigated is that of wicket keepers. Table 4.11 provides the estimated
correlation coeﬃcients of the performance measure to the total fantasy league score.
Performance Measure ρˆ n
Fmean 0.6200 17
Fmed 0.6365 17
FMA5 0.5212 17
FMA10 0.4061 17
FEWA 0.5676 17
BPLtA 0.4707 17
BPTw20 0.2726 9
WKRLtAi 0.4694 17
WKRTw20i -0.4536 12
BKLtABAT 0.5782 17
BKTw20BAT 0.2861 12
Table 4.11: Wicket Keepers: Estimated correlation between performance measures and fantasy
league score
The measure chosen for the wicket keeper category is FEWA. The correlation estimate for
this measure is ρˆ = 0.567595. This estimate is higher than that of the selected measures for
batsmen, bowlers and all rounders. The selection of this measure is justiﬁed by the drawbacks
of measures with higher ρˆ values.
The highest estimated correlation obtained is that corresponding to the median of the esti-
mated fantasy league score, Fmed. The value of ρˆ = 0.6365 indicates that this is an eﬀective
measure. The drawback of using the median is that when new data are included into the calcu-
lation of the median, it is unlikely that its value will change considerably. This will deﬁnitely be
the case if the initial data set is large, and the new data set is small (as is often the case when
selecting a fantasy league team). The mean of the standardised fantasy league score, Fmean, has
the same drawback, as a small set of new data will have little eﬀect on the value of the mean.
The Fmed and Fmean are thus considered as good measures for a once-oﬀ indication of a players
ability, but are not ideal when considering a progressive tournament (i.e. when new data are
added).
The Barr and Kantor BKLtABAT measure was excluded from consideration in the wicket keeper
category. The motivation for this is similar to that mentioned in the batsmen category. This is
discussed in Appendix D, Section D.4.
The full set of data for this section are given in Appendix B, Table B.7.
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Additional Discussion of Results
It appears that the measures based solely on Twenty20 data tended to perform poorly in com-
parison to the corresponding ListA measures. A possible reason for this is that the Twenty20
format of the game is new and yet to establish itself (i.e. cricketers need to adapt to a new format
of the game). In addition there is a limited amount of Twenty20 data to work with, however,
with the growing popularity of the game, this problem should soon be overcome. The results
indicated that cricketers who perform well in the ListA format of the game tend to perform well
in the Twenty20 format of the game. This indicates that good cricketers will perform well in
both formats of the game. The high correlations associated with the ListA measures arguably in-
dicate that it is important to consider ListA data when selecting a Twenty20 team. This further
justiﬁes the inclusion of the ListA data into the calculation of the Fmean, Fmed, FMA5 , FMA10
and FEWA measures.
The α and β values for the Barr and Kantor measures (BKBAT and BKBWL respectively)
supported the belief that for batsmen the strike rate is more important than the batting average
and for bowlers the economy rate is more important than the bowling average. These results are
provided and discussed in Appendix D.
In conclusion the most consistent performance measures were those based on the estimated
fantasy league scores. These measures (Fmean, Fmed, FMA5 , FMA10 and FEWA) tended to out-
perform other measures. This implies that the methods in Section 3.2.5 are useful measures for
determining the ability of a cricketer.
In summary the performance measures listed in Table 4.12 are chosen in order to select
cricketers according to player category.
Player Category Performance Measure
Batsman FEWA
Bowler FMA5
All Rounder FMA5
Wicket Keeper FEWA
Table 4.12: Selected performance measures for each player category
An interesting observation from Table 4.12 is that when bowling is involved in a player
category (i.e. bowlers and all rounders) the 5-point moving average is chosen, whereas when
bowling is not involved the exponentially weighted average is preferred.
4.3.2 Software Limitations
The BIP problem to be solved in this study includes a large number of integer decision variables.
A problem of this magnitude requires a suitable software package. The software available for this
study was Lingo Super v10.0 (LINDO Systems Inc, 2006). This software is eﬀective for solving
integer programming problems, however the Super version can only solve for a maximum of 200
integer variables. Given this limitation the illustrative problem of the algorithm is simpliﬁed. The
optimisation procedure is restricted to 50 cricketers for the IPL tournament which is subdivided
into 4 stages.
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The 50 cricketers were made up of 15 batsmen, 15 bowlers, 15 all rounders and 5 wicket
keepers. The stage breakdown is shown in Table 4.13
Begin Date End Date Games
Stage 1 18 April 2008 29 April 2008 16
Stage 2 30 April 2008 9 May 2008 14
Stage 3 10 May 2008 20 May 2008 14
Stage 4 21 May 2008 1 June 2008 15
Table 4.13: 2008 IPL fantasy league stage breakdown for integer program
The 50 cricketers included in this illustrative example are the top 15 batsmen, bowlers and
all rounders and 5 wicket keepers ranked according to the performance measures in Table 4.12.
Given the reduced size of this fantasy league, the number of changes allowed for a team was
decreased from 20 to 9.
4.3.3 The Cricketers Available for Selection
In order to select the starting eleven cricketers, the 50 top ranked cricketers according to the
performance measures shown in Table 4.12 are used. The results provided in the Tables 4.14 to
4.17 are calculated using only data available prior to the commencement of the 2008 IPL.
The 15 batsmen used for the fantasy league game are given in Table 4.14.
Rank Name Fantasy Price FEWA
1 D Lehmann 65 000 1.4339
2 D Hussey 90 000 1.3945
3 S Tiwary 50 000 1.3524
4 K Goel 50 000 1.1475
5 S Tendulkar 125 000 1.0974
6 G Smith 95 000 1.0469
7 M Tiwary 95 000 1.0454
8 Y Singh 120 000 1.0168
9 M Hayden 90 000 1.0097
10 R Taylor 75 000 0.9953
11 B Hodge 75 000 0.9407
12 S Marsh 55 000 0.9304
13 D Ravi Teja 50 000 0.9222
14 S Ganguly 120 000 0.9171
15 V Sehwag 105 000 0.9169
Table 4.14: Top 15 batsmen according to FEWA
According to the ICC rankings, this list of batsmen includes some of the best batsmen in the
world. These players include G Smith, V Sehwag and S Tendulkar. The inclusion of S Marsh, a
relatively unheard of player, indicates the eﬀectiveness of using the FEWA measure, as he goes
on to be the top run scorer of the 2008 IPL competition.
The 15 bowlers used for the fantasy league game are provided in Table 4.15.
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Rank Name Fantasy Price FMA5
1 RP Singh 115 000 1.8423
2 D Fernando 75 000 1.8370
3 D Zoysa 75 000 1.7704
4 D Vettori 100 000 1.6946
5 N Bracken 85 000 1.6829
6 S Tanvir 75 000 1.6127
7 M Gony 50 000 1.4669
8 L Malinga 90 000 1.4658
9 P Ojha 50 000 1.4271
10 A Noﬀke 75 000 1.4001
11 G McGrath 85 000 1.3803
12 B Lee 115 000 1.3701
13 M Kartik 85 000 1.3613
14 S Akhtar 85 000 1.3585
15 P Amarnath 50 000 1.3466
Table 4.15: Top 15 bowlers according to FMA5
Several highly rated bowlers are included in this list, for example B Lee, G McGrath and
L Malinga. The inclusion of S Tanvir, a relatively unknown player, indicates the usefulness of
using the 5-point moving average as, similar to S Marsh the unknown batsman, S Tanvir goes
on to be the highest scoring bowler in the 2008 IPL fantasy league.
The 15 all rounders used for the fantasy league game are given in Table 4.16.
Rank Name Fantasy Price FMA5
1 S Pollock 95 000 2.2641
2 P Kumar 75 000 1.9512
3 S Watson 75 000 1.8738
4 D Bravo 75 000 1.7681
5 S Afridi 110 000 1.6192
6 R Jadeja 50 000 1.5286
7 J Hopes 80 000 1.5195
8 M Hafeez 75 000 1.5063
9 D Mascarenhas 80 000 1.4371
10 S Malik 95 000 1.4348
11 J Sharma 75 000 1.4235
12 M Khote 50 000 1.3942
13 J Kallis 120 000 1.2978
14 D Thornely 55 000 1.2548
15 A Nayar 50 000 1.1904
Table 4.16: Top 15 all rounders according to FMA5
This list includes some highly rated all rounders in recent years, these are S Afridi, S Pollock
and J Kallis. The usefulness of this measure is indicated by the inclusion of S Watson, who goes
on to be the highest scoring all rounder for the 2008 IPL fantasy league. Although this measure
is eﬀective, one notable absence from this list is S Jayasuriya, who performed poorly in matches
leading up to the IPL and is thus unavailable for the selection of the fantasy league team.
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The 5 wicket keepers used for the fantasy league game are given in Table 4.17.
Rank Name Fantasy Price FEWA
1 B McCullum 105 000 1.0379
2 A Gilchrist 110 000 0.9832
3 Y Takawale 50 000 0.8858
4 AB de Villiers 85 000 0.8851
5 MS Dhoni 150 000 0.8361
Table 4.17: Top 5 wicket keepers according to FEWA
This list includes some highly rated wicket keepers such as A Gilchrist and MS Dhoni. A
notable observation about the information in Table 4.18 is that B McCullum is the highest ranked
wicket keeper at the beginning of the 2008 IPL. He then goes on to score a world record of 158
runs in his ﬁrst game. This lends support to the use of FEWA as a fantasy league team selection
measure, since it emphasises the current performance of a cricketer.
The cricketers listed in the Tables 4.14 to 4.17 are used as a population from which the
fantasy league team will be selected and modiﬁed (using a BIP technique) during the course of
the 2008 IPL competition.
4.4 The Integer Programming Problem
The optimisation problem is solved using Lingo v 10.0 Super, the results of which are given in
the following sections. The full set of data used for the optimisation problem is provided in
Appendix C, Tables C.1 and C.2.
4.4.1 Results
Retrospective Approach (Z)
The retrospective approach involves solving a BIP problem including Constraints 1 to 7 with the
objective function Z = S′X = s1x1 + s2x2 + · · ·+ snqxnq.
The solution to this problem (as determined by the software) is shown in Table 4.18. The
results and team selections represent the best solution to the 2008 IPL fantasy league for the
population of players. This strategy is determined when the tournament is completed and thus
provides a target for the prospective approach. The selections and changes shown in the table
represent the ideal approach for this fantasy league. The reason is that the solution assumes
that every player's fantasy league points are known beforehand. In a practical fantasy league
scenario this is not the case. It is extremely diﬃcult to predict how well a player will perform
in an upcoming game. Durbach and Thiart (2007) argue that there is little empirical evidence
to support the perception of a batsman having periods of good and bad form. They claim it is
near impossible to predict a players future performance based on recent form.
The results in Table 4.18 are thus a target for the prospective methods. The total number of
points scored in this ideal scenario is 11 494. Given the unpredictability of cricket performances
(Durbach and Thiart, 2007), this value should never be reached. However the aim of this
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dissertation is to provide a mathematical method which will optimise the selection process and
ideally achieve the best result without knowing the outcome.
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Prospective Approach using M
This approach assumes that the fantasy league participant will have no knowledge of whether a
cricketer is available to play or not. In other words the fantasy league participant will not follow
the competition closely, but rather only use the values of the performance measures at each stage
of the competition (to facilitate team selection). This approach is not an ideal representation of
a fantasy league, as most participants will follow the news concerning the league closely, thus
knowing whether a cricketer is injured or unavailable. By knowing this the participant can
make the appropriate changes to their team. The results using this approach thus represent the
usefulness of using only the performance measure as a selection criterion, without knowledge of
a cricketers availability.
The sequential optimisation procedure described in Section 3.4.3 and using data from the
performance vectorM (nq×1) is conducted in order to provide an entirely prospective approach
to the fantasy league team selection problem. The results of this sequential optimisation proce-
dure are provided in Table 4.19. (The solution with performance measures included is given in
Table C.2.) This prospective approach resulted in a total fantasy league score of 5 479, which is
poor result when compared to the optimal solution of 11 494.
Procedure Stage 1 Stage 2 Stage 3 Stage 4 Total
Retrospective 3 018 2 748 2 699 3 029 11 494
Prospective (M) 1 704 691 1 279 1 805 5 479
Table 4.20: Comparison of fantasy league points per stage: Optimal Solution and Prospective
approach using M
From Table 4.20 it can clearly be seen that this prospective approach performs poorly
throughout the competition. The points scored in Stage 2 are particularly poor. However the
points appear to increase steadily in the following two stages. A possible explanation for this is
that optimisation procedure is reacting to the data collected from the competition. This results
in cricketers with high values of the performance measures (i.e. cricketers who are performing
well) being included in the ﬁnal stages. This is evidenced by the inclusion of S Tanvir and S
Marsh in the third and fourth stages respectively. S Tanvir and S Marsh won the awards for the
best bowler and best batsman of the competition respectively, and their inclusion in a fantasy
league team is thus ideal.
The most concerning aspect of this team selection process is the amount of zero scores found
in Table 4.19. Consider in particular B McCullum, D Lehmann and N Bracken. All these players
were selected for Stages 2, 3 and 4 and in every stage scored 0 fantasy league points. Since a
fantasy league score of zero is unlikely, the most rational explanation for these scores is that the
players were unavailable and/or injured. Since this information is often available (on websites /
in the news) it would be incomplete to consider only this solution to the problem. Adjustments
according to who is available need to be made in order to provide the optimisation procedure
with all the necessary information. This is done in the following section.
An important aspect of this team selection method to notice is its potential. Firstly, the
selection of B McCullum for the ﬁrst stage is highly convenient as he scored an unbeaten 158 in
his ﬁrst game, traditionally selectors would probably have chosen A Gilchrist or M Dhoni. This
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shows that the method has potential to select the right players at the right time. Furthermore,
the selection of S Watson from the beginning of the tournament is another indication of the
proposed method's potential. S Watson, at the time of the 2008 IPL, had been dropped from the
Australian cricket team and many all rounders such as J Kallis or S Afridi would traditionally
be chosen ahead of him. This prospective method selects him for its initial team and keeps him
throughout the competition. At the end of the tournament S Watson scores the most fantasy
league points in the entire competition.
In summary, this prospective approach selects a fantasy league team which does not perform
particularly well. However, upon inspection, there are aspects of selection technique which
highlight the potential of the approach.
Prospective Approach using R
The adjusted performance measure vector R (nq× 1) contains information as to whether or not
a cricketer played in a given stage of the competition. It is assumed that all this data is available
to the fantasy league participant prior to the commencement of each stage.
This however is not an entirely accurate representation of the knowledge available to fantasy
league participants, as there are certain players who aren't injured and who are available to play,
but are not selected by their coach. Although most of the information regarding a player's avail-
ability and health will be available to the fantasy league participants, the unknown information is
whether or not a cricketer will play in a certain game. As an example of the type of information
that is available to fantasy league participants, consider the fact that the Australian and New
Zealand cricket teams each had a test match series scheduled at the same time as the 2008 IPL. It
was common knowledge that these cricketers would not be available for most of the competition.
Furthermore, active fantasy league participants would also know when a cricketer is injured as
this information is available on the fantasy league website or in the news. So, although not all
the information on whether a cricketer will play or not is available beforehand, it assumed that
most of it is. Thus the results obtained will represent a close approximation to the actual results
(when using this method in future).
Table 4.21 gives the team selection results of the prospective approach when using the ad-
justed performance measure data found in the R (nq×1) vector. (The solution with performance
measures included is given in Table C.2.) The total fantasy league score obtained by this opti-
misation strategy is 7 510. The points scored using this approach is compared to the optimal
approach (retrospective) in Table 4.22.
Procedure Stage 1 Stage 2 Stage 3 Stage 4 Total
Retrospective 3 018 2 748 2 699 3 029 11 494
Prospective (R) 1 704 1 778 1 750 2 278 7 510
Table 4.22: Comparison of fantasy league points per stage: Optimal Solution and Prospective
approach using R
Table 4.22 shows that using this prospective approach provides very consistent results. Fur-
thermore, the high number of points scored in the last stage emphasises the ability of this routine
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to select cricketers who are performing well in the competition. When compared to the retro-
spective approach this approach provides satisfactory results.
The main drawbacks of the initial prospective approach are obvious from Table 4.21. The
inclusion of cricketers who are not available is no longer a concern. Clearly the results using
this prospective approach are more favourable than using the initial prospective approach. This
indicates that including information regarding a cricketers availability can notably improve the
performance of the optimisation routine.
Table 4.21 provides some interesting observations. The prospective approach includes B
McCullum in the ﬁrst stage of the competition and then used A Gilchrist for the remainder of
the competition. This shows that this approach is able to select the cricketers who have a good
chance of performing well and to make adjustments when they are not available. For example,
despite B McCullum scoring 423 points he is replaced by A Gilchrist as he is unavailable from
Stage 2. The inclusion of S Watson provides strong evidence that the method is useful, and
his inclusion is common to all selection strategies. The inclusion of S Tanvir and S Marsh,
as discussed previously, also indicates the eﬀectiveness of this approach. The inclusion of D
Fernando in Stage 1 of the prospective approach is not an error despite his fantasy league score
of zero. In fact, this illustrates the unpredictability of cricketers performance, as he had a high
value for his performance measure (FMA5) going into the tournament and only played a single
game in which he scored no points. This provides strong evidence that the optimal strategy
given in Table 4.18 is near impossible to achieve using only historic data.
This prospective strategy involves inputting data into a simple integer optimisation problem,
as the data are available, and then running it. No intuition is required, and this is a purely
mathematical approach. For this prospective approach to score 7 510 points using only historic
data, shows that it is a very useful tool when selecting a fantasy league cricket team.
When all three selection strategies are considered the following observations are made.
• The strategies which performed particularly well selected teams consisting of 3 bowlers and
3 all rounders. This could provide information to future fantasy league team selectors that
the number of all rounders included should be high. This can be considered as a constraint
of the integer programming problem.
• The pricing of players in this fantasy league did not provide much of a restriction to the
team selection. This is noticed since the total amount spent in each stage rarely approaches
the 1 000 000 unit cut-oﬀ. In order to make the league more competitive the hosting website
might consider lowering this cut oﬀ rate. This change again can be addressed by amending
the constraints of the integer program. The integer program is designed to select the best
team (according to the performance measure used) under the given constraints. Although
in this example the price constraint is not of much concern, for many other fantasy leagues
it provides a much greater restriction. Thus the use of an integer program is a necessity.
Chapter 5
Conclusion and Further Work
The aim of this study was to provide a fantasy league participant with a strategy to facilitate
the team selection process for fantasy league cricket. To do this a number of published and
new performance measures were evaluated. The results of this evaluation indicated that the
best measures used the estimated fantasy league scores of each cricketer, calculated prior to the
beginning of each stage. In addition it was found that the measures which allocated more weight
to recent player performance provided better results.
Using these ﬁndings a strategy was developed to facilitate the team selection process for a
fantasy league based on the 2008 IPL tournament. This strategy involved using the performance
measures to select a fantasy league team at each stage of the competition. Given the software
limitations the fantasy league was restricted to 50 cricketers over 4 stages. The results of the
selection process using a prospective approach provided satisfactory results when compared to
the ideal scenario. As such the method described in this dissertation can be used by any fantasy
league participant for the purposes of adequate fantasy league team selection.
Although this research provided some useful results, it must be noted that it is a pioneering
study into fantasy league team selection for Twenty20 cricket, and as such requires further
research. Given the growing popularity of both fantasy sport and Twenty20 cricket, this area of
research is both new and exciting. Furthermore, with the introduction of more Twenty20 and
fantasy league data, the estimation of fantasy league scores using a linear model becomes less
necessary.
After an extensive study into the subject matter some recommendations for further work are
noticed. These recommendations are
• A software package with the ability to solve the entire integer problem is required. This
may provide more detailed insight into the ins and outs of fantasy league cricket.
• It was found during the course of this research that the estimated and standardised fantasy
league scores of each player could be modelled well using a gamma distribution. The use
of this knowledge could provide a better method to rank cricketers, as well as to provide a
starting point for accurate simulations of fantasy leagues.
• Investigating the ﬁxture list in order to select cricketers from stronger teams (when they are
playing weaker teams) is a useful tactic in fantasy leagues. The inclusion of this information
into the integer program could provide better results.
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In conclusion, this study proposes a mathematical routine for the selection of a Twenty20
cricket team. The team is selected for a fantasy game using a prospective approach. This
approach is such that it could be used, with satisfactory results, by any fantasy league participant
to facilitate team selection. However, in order to test the overall accuracy of the proposed
methodology, it should be tested within an externally controlled fantasy league scenario. This
study provides a useful platform from which further research into this subject matter can be
launched.
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Appendix A
Regression Analysis Results
The results in Table A.1 and Table A.2 provide the output of the regression analysis discussed
in Section 3.2.
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Table A.1: Excel output for regression analysis of Category 1 data
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Table A.2: Excel output for regression analysis of Category 2 data
Appendix B
Performance Measure Data
The results in Tables B.1 to B.7 provide the data used to assess the performance measures
mentioned Section 3.3.2. The correlations provided are discussed in Section 4.3.1.
The data in Tables B.8 to B.14 provide the data used to optimise the weighting of the Barr
and Kantor Measures discussed in Section 3.3.1. The results are discussed in Appendix D.
Should a cell values be blank or contain NaN, NA, Inf or -; this indicates that the data
were unavailable for consideration or that the value was not computable.
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ListA Twenty20
Name BT SRtBAT BK
LtA
BAT BT SR
t
BAT BK
Tw20
BAT
Ashraful 17.4328 72.5300 44.0784 21.5000 179.1667 137.1281
Ahmed 23.3614 82.3200 53.0171 16.6667 161.2903 121.1400
Chowdhury 14.0870 72.2300 40.8059 10.0000 142.8571 102.1526
Nazimuddin 22.6111 76.0900 49.7995 62.0000 142.5287 128.3246
Iqbal 18.8800 74.2800 46.0322 6.0000 75.0000 54.5409
Pietersen 33.6946 87.5000 62.6940 22.0625 147.0833 115.7857
Shah 27.6776 76.1200 53.4577 26.9231 145.5301 117.6335
Solanki 25.8994 72.9300 50.7970 29.9500 142.2803 116.8949
Mishra 24.0938 73.0800 49.5970 25.5000 76.1194 66.3125
Obanda 15.3333 66.5100 39.8356 5.0000 29.4118 23.5217
Fulton 28.7471 73.7900 53.0857 16.8000 112.0000 88.1677
McMillan 25.9783 75.9400 52.2070 24.1429 146.9565 117.0208
Vincent 26.5967 69.8800 49.8651 23.4286 124.7148 101.0033
Nazir 26.8421 80.2100 54.7204 25.3889 162.6335 128.6733
Poonia 18.1250 67.6000 42.6817 10.6667 152.3810 108.9628
Duminy 23.5094 73.0000 49.1384 22.4400 112.4248 91.7489
Mubarak 24.2752 66.1200 46.5921 32.7500 130.3483 109.5087
Tharanga 29.4157 69.4300 51.4346 13.3333 105.2632 81.1161
Samuels 25.0067 75.6200 51.3750 30.0000 189.8734 150.4532
DS_Smith 25.0000 101.5400 62.2295 61.0000 179.4118 156.5895
Masakadza 24.1970 64.4000 45.7482 18.5000 123.3333 97.0894
Matsikenyeri 18.7672 68.7000 43.6602 7.5000 93.7500 68.1762
Sibanda 21.0521 62.4100 42.6954 10.0000 62.5000 49.6028
Hayden 39.2096 78.9600 61.8306 13.0000 216.6667 151.9486
Hodge 34.7286 87.5100 63.3642 41.9091 142.8719 122.3974
M_Hussey 32.0153 76.1700 56.2709 33.0833 126.0317 106.4688
Ponting 36.1404 80.4300 60.8204 33.0000 152.3077 125.5897
Y_Singh 28.7236 86.8100 58.9892 25.0769 124.4275 101.6680
Gambhir 32.2195 81.7300 59.0415 21.6000 103.8462 85.1896
Sehwag 28.8417 99.1400 64.4057 21.4545 136.4162 108.0315
R_Sharma 27.7037 73.8700 52.4415 31.5000 146.5116 120.6928
Uthappa 34.4792 91.9200 65.2595 21.2222 132.6389 105.2682
R_Taylor 33.5902 84.7500 61.3383 27.7500 176.1905 139.5552
ul_Haq 33.7551 88.1300 63.0268 25.2000 126.0000 102.8534
Butt 38.2353 78.3200 60.9658 17.3636 109.7701 86.9930
Y_Khan 26.3632 77.0700 52.9826 20.6923 128.0952 101.7849
G_Smith 38.2130 81.8200 62.7122 36.0526 140.6571 118.4673
Gibbs 30.2368 83.1400 58.3922 12.2857 126.4706 94.2508
Jayawardene 27.7428 76.5800 53.7118 5.0000 108.6957 73.7163
Silva 24.2276 70.5000 48.5444 23.6000 90.0763 76.0762
Sarwan 32.2663 76.5500 56.6077 20.0000 101.2658 82.5320
Chanderpaul 31.3240 70.6500 53.1758 33.5000 126.4151 106.9204
Table B.8: Batsmen Barr and Kantor weighting data (1 of 2)
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ListA Twenty20
Name BT SRtBAT BK
LtA
BAT BT SR
t
BAT BK
Tw20
BAT
Siddique 22.7333 72.4100 48.3097 NaN - -
McCallum 20.8750 63.8400 43.2018 NaN - -
Sheikh 4.4000 44.2300 19.7510 2.9000 0 -
Watts 19.0698 58.8800 39.7123 NaN - -
Bodi 24.4935 62.8700 45.2301 16.4074 0 -
Deonarine 18.7451 50.5100 35.7266 17.0000 0 -
Morton 30.1809 65.9300 50.1805 8.2500 0 -
Marumisa 19.5455 60.6800 40.8481 NaN 0 -
Bosman 26.2051 86.4400 56.9696 29.5217 0 -
α = 0.6507 α = 0.8739
Table B.9: Batsmen Barr and Kantor weighting data (2 of 2)
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ListA Twenty20
Name AV EtBWL ECON
t
BWL BK
LtA
BWL AV E
t
BWL ECON
t
BWL BK
Tw20
BWL
Clark 27.1333 4.3565 5.2308 60.0000 7.5000 9.2336
Johnson 31.4107 5.0546 6.0677 27.0000 6.0000 6.9738
Anderson 25.9494 4.6933 5.5686 34.7647 8.9320 10.2322
Broad 32.6829 5.2618 6.3161 15.0000 5.8696 6.4470
Kirtley 22.5396 4.6062 5.3989 24.6897 7.5767 8.5268
Schoﬁeld 25.9143 5.2027 6.1088 9.4762 5.8529 6.1419
Tremlett 24.5839 4.6084 5.4483 19.6842 7.0566 7.8189
Ongondo 28.1798 4.7425 5.6676 10.6667 4.5714 4.9756
Bond 22.1195 4.3048 5.0703 17.6667 7.3103 7.9847
Gillespie 30.9000 5.0535 6.0566 20.2500 7.4769 8.2602
Martin 26.9259 4.6813 5.5763 37.4000 8.9048 10.2789
Patel 36.6923 4.7589 5.8373 16.6667 6.1644 6.8090
J_Nel 39.1000 5.3993 6.5815 38.0000 7.6000 8.9271
M_Morkel 24.0313 4.5280 5.3505 24.5789 7.2031 8.1437
Edwards 29.1800 4.5881 5.5204 31.0000 6.3051 7.3936
Powell 25.6040 4.7624 5.6348 82.0000 8.0656 10.1708
Rampaul 24.7455 4.5266 5.3647 28.6667 7.8182 8.9029
Brent 34.3304 4.7724 5.8135 20.0000 10.0000 10.7177
Bracken 24.9020 4.2948 5.1200 34.8000 7.9091 9.1722
Lee 23.3463 4.5969 5.4080 72.0000 7.2000 9.0643
Razzak 20.0400 3.8530 4.5437 9.5000 4.7500 5.0909
Agarkar 26.8583 5.0025 5.9180 13.7143 6.1935 6.7060
H_Singh 30.8584 4.1445 5.0660 29.4444 6.3095 7.3603
RP_Singh 27.8876 4.9311 5.8640 99.0000 8.2500 10.5772
Sreesanth 37.1754 5.4543 6.6083 29.2500 8.3571 9.4725
Asif 33.5079 4.7121 5.7333 14.9583 6.4299 6.9963
Gul 28.4048 4.7577 5.6885 15.5385 6.1837 6.7805
A_Nel 24.5597 4.2142 5.0265 19.7500 5.6429 6.3960
Ntini 24.5714 4.3805 5.2049 37.7143 7.3333 8.6382
D_Fernando 27.2056 5.0342 5.9594 31.0000 8.1579 9.3230
Malinga 23.4851 4.7903 5.6157 32.8333 7.1205 8.2964
Vaas 26.3571 4.1509 4.9937 28.0000 7.0000 8.0409
Hilfenhaus 33.3750 4.0523 5.0035 13.5000 6.3529 6.8503
Tait 22.3434 5.0064 5.8142 12.8889 6.6923 7.1456
Mortaza 28.1238 4.5027 5.4079 37.0000 9.2500 10.6255
Rasel 26.2692 4.0790 4.9141 Inf 5.3750 -
Rahman 27.5000 4.6262 5.5288 NaN NaN -
Sidebottom 30.4539 4.2762 5.2037 20.5000 6.8144 7.6078
Odhiambo 53.6667 5.5200 6.9297 NaN NaN -
Otieno Inf 7.7500 - NaN NaN -
Varaiya 24.6087 3.5747 4.3354 48.0000 8.0000 9.5698
Rehman 26.9897 4.0842 4.9331 20.6667 6.4416 7.2380
Anjum 33.0395 4.5298 5.5255 27.6667 7.4700 8.5150
Table B.10: Bowler Barr and Kantor weighting data (1 of 2)
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ListA Twenty20
Name AV EtBWL ECON
t
BWL BK
LtA
BWL AV E
t
BWL ECON
t
BWL BK
Tw20
BWL
Blain 28.4245 5.2659 6.2330 NaN NaN -
Drummond 40.0000 4.7059 5.8289 NaN NaN -
Lyons 58.9474 5.5309 7.0075 NaN NaN -
Tshabalala 28.8000 4.7682 5.7077 14.3548 6.5122 7.0478
Collins 24.4583 4.3017 5.1182 11.2500 4.6552 5.0846
Mpofu 27.7170 4.9130 5.8410 NaN NaN -
Mupariwa 30.9074 5.0988 6.1056 NaN NaN -
Vettori 31.5000 4.1186 5.0479 Inf 4.3333 -
Tanvir 32.4118 4.9640 5.9885 Inf 9.8261 -
Chawla 27.2766 4.7806 5.6900 19.4000 6.4667 7.2176
Akhtar 23.6498 4.6759 5.4988 21.0000 7.1591 7.9725
Muralitharan 22.2234 3.7536 4.4842 9.1765 5.3793 5.6744
β = 0.9 β = 0.9
Table B.11: Bowler Barr and Kantor weighting data (2 of 2)
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ListA Twenty20
Name BT SRtBAT BK
LtA
BAT BT SR
t
BAT BK
Tw20
BAT
Clarke 29.3657 79.6200 50.0647 18.1818 134.2282 22.2054
Reza 20.9333 64.8900 38.3386 8.3333 131.5789 10.9813
Al_Hassan 26.4524 68.2500 43.9171 26.0000 92.8571 29.5296
Collingwood 25.5137 76.3100 45.8420 27.3333 136.6667 32.1063
Flintoﬀ 23.7434 88.7500 48.0637 24.8000 163.1579 29.9411
Maddy 25.5774 54.8500 38.4651 29.7209 134.5263 34.5650
Snape 13.7122 68.2000 32.3394 13.7250 124.2081 17.1071
Wright 11.4648 97.8600 36.0951 14.9310 170.4724 19.0479
Kamande 8.7627 56.2700 23.6926 3.0000 42.8571 3.9139
C_Obuya 10.5181 67.3700 28.3999 12.7778 116.1616 15.9337
Odoyo 19.4685 70.9500 38.8795 13.5000 135.0000 16.9955
Onyango 5.5000 72.8600 21.9050 4.0000 66.6667 5.2996
Alam 30.6563 89.6500 54.4227 16.8000 112.5000 20.3186
Arafat 12.0519 78.6800 32.8749 8.2857 134.1040 10.9456
Brown 15.5510 66.3200 33.7799 8.6786 136.5169 11.4320
Kemp 21.3578 83.1200 44.1777 16.5417 125.6329 20.2596
Philander 15.4286 73.4700 35.5505 14.8750 128.6486 18.4566
van_der_Wath 15.4274 127.1400 47.6670 8.3636 121.0526 10.9258
Utseya 5.6310 56.6500 19.3572 7.0000 87.5000 9.0113
Chigumbura 20.9888 56.5500 35.6628 2.5000 50.0000 3.3732
Dabengwa 10.5405 68.9600 28.7850 7.0000 53.8462 8.5843
Symonds 25.9948 92.7800 51.3373 33.4118 201.4184 39.9871
S_Watson 21.5887 78.7300 43.1292 16.7500 118.5841 20.3712
Mascarenhas 16.6633 137.6100 51.5428 16.8333 120.2381 20.4907
J_Sharma 11.7381 86.2800 34.1156 9.1250 132.7273 11.9263
IK_Pathan 12.1743 78.0700 32.8926 6.8333 154.7170 9.3352
YK_Pathan 23.2895 112.3400 54.0343 20.0000 195.1220 25.1164
Oram 18.5202 83.1300 41.3461 22.4000 160.0000 27.2669
Styris 23.7192 79.2000 45.2029 25.3448 141.3462 30.0974
Malik 25.1512 79.3200 46.4900 34.6316 126.0536 39.4077
Hafeez 31.2411 58.1500 43.5556 28.9600 160.1770 34.3620
Afridi 22.7697 111.2200 53.1842 15.4167 162.2807 19.5082
JA_Morkel 14.6633 84.0300 37.3047 12.3077 131.1475 15.5932
Pollock 12.3881 86.6900 35.0705 19.3571 155.7471 23.8451
Dilshan 22.8220 80.2600 44.7162 1.5000 33.3333 2.0454
Jayasuriya 29.6532 91.0300 54.0267 21.0000 158.8235 25.7092
Maharoof 10.7835 77.4800 30.9621 8.6667 96.2963 11.0263
Bravo 14.0792 80.6800 35.8181 6.4000 103.2258 8.4516
Gayle 35.7478 80.8100 55.2974 20.8750 132.5397 25.1130
DR_Smith 15.5000 67.9900 34.1800 8.0000 114.2857 10.4371
Table B.12: All rounder Barr and Kantor batting weighting data (1 of 2)
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ListA Twenty20
Name BT SRtBAT BK
LtA
BAT BT SR
t
BAT BK
Tw20
BAT
Hogg 11.5189 78.6800 32.1904 15.9167 119.3700 19.4696
Kapali 20.8824 68.7800 39.5064 18.0000 120.0000 21.7602
Mahmuddullah 21.3500 62.1400 37.8058 5.5000 47.8261 6.8280
Bopara 22.0233 66.8100 39.8715 13.7667 121.9500 17.1224
Tikolo 30.2365 75.1000 49.1880 24.0000 114.2857 28.0536
Suji 7.8953 51.7900 21.5916 4.0000 51.8500 5.1681
Scott 7.7045 - - 6.8750 0.0000 -
R_Watson 25.1698 74.9300 45.1111 NaN - -
Hamilton 16.5337 68.6900 35.4155 13.6667 157.6923 17.4533
Haq 13.8627 65.7200 31.8664 NaN - -
Maiden 8.8293 - - 2.0000 0.0000 -
C_Wright 11.6545 74.4800 31.4303 NaN - -
H_Fernando 23.0000 77.6200 44.0824 21.4375 0.0000 -
Lokuarachchi 13.2841 80.1500 34.7399 11.0000 0.0000 -
Perera 17.2000 57.1400 32.6897 9.2000 0.0000 -
Sammy 14.4800 90.5800 38.6063 7.5000 0.0000 -
Maruma 3.2727 66.2100 16.3472 1.0000 0.0000 -
Williams 17.2857 73.6300 37.5241 38.0000 0.0000 -
Bhudia 0.0000 0.0000 - 4.5000 81.8182 6.0142
N_McCullum 9.8772 - - 17.6250 163.9535 22.0287
Wijekoon 18.6531 - - 13.8750 130.5882 17.3620
Chibhabha 23.0000 56.5500 37.2135 1.0000 40.0000 1.4461
α = 0.5349 α = 0.1
Table B.13: All rounder Barr and Kantor batting weighting data (2 of 2)
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ListA Twenty20
Name AV EtBWL ECON
t
BWL BK
LtA
BWL AV E
t
BWL ECON
t
BWL BK
Tw20
BWL
Clarke 30.4211 5.0212 7.6614 56.0000 8.2963 10.0419
Reza 28.4524 4.5785 7.0277 22.2500 11.1250 11.9235
Al_Hassan 31.2381 4.0872 6.5856 31.0000 7.7500 8.9024
Collingwood 35.2674 4.8130 7.6787 13.6667 8.2000 8.6298
Flintoﬀ 23.0344 4.1659 6.2215 22.1111 6.9017 7.7540
Maddy 29.2444 5.0599 7.6356 31.9091 7.7712 8.9502
Snape 29.1982 4.6405 7.1436 19.0278 6.5446 7.2817
Wright 39.5000 5.2220 8.3936 21.6296 8.0000 8.8366
Kamande 47.5217 4.8831 8.3267 21.0000 7.0000 7.8129
C_Obuya 43.9565 5.2474 8.6387 17.7000 8.8500 9.4852
Odoyo 28.2739 4.5857 7.0258 28.0000 7.0000 8.0409
Onyango 48.0000 5.9274 9.6810 40.0000 8.0000 9.3970
Alam 27.6429 4.9510 7.4109 11.3684 6.0561 6.4497
Arafat 24.4500 4.7766 7.0056 22.0286 8.3653 9.2158
Brown 26.9703 4.6263 6.9955 26.5652 7.6375 8.6514
Kemp 29.4400 4.7800 7.3215 18.2174 7.7593 8.4506
Philander 34.5000 4.7416 7.5523 33.8000 8.7414 10.0072
van_der_Wath 27.5676 4.8360 7.2742 25.4333 7.4926 8.4666
Utseya 49.5172 3.9550 7.1546 8.3333 6.2500 6.4324
Chigumbura 44.9070 6.3070 9.9948 22.0000 11.0000 11.7895
Dabengwa 24.2941 5.0315 7.2791 1.0000 1.0000 1.0000
Symonds 32.6912 4.7841 7.5086 24.5625 7.2331 8.1737
S_Watson 36.5900 5.0679 8.0573 18.8000 8.5455 9.2465
Mascarenhas 24.7764 4.2018 6.3705 18.3333 7.4492 8.1512
J_Sharma 26.8036 4.7752 7.1567 28.1667 7.0417 8.0888
IK_Pathan 26.1071 4.9033 7.2583 19.1333 7.1750 7.9144
YK_Pathan 47.1154 4.6548 8.0110 9.4444 7.7273 7.8839
Oram 31.2752 4.3818 6.9478 55.0000 7.8571 9.5450
Styris 29.0266 4.6011 7.0873 25.5926 7.5519 8.5322
Malik 29.4010 4.3541 6.8147 15.4000 7.0355 7.6089
Hafeez 33.3267 4.1710 6.7909 23.2273 6.4142 7.2951
Afridi 33.6907 4.5874 7.3227 20.7692 6.5854 7.3869
JA_Morkel 29.2768 4.6390 7.1463 32.1176 7.7082 8.8907
Pollock 22.5062 3.6643 5.6090 31.5000 6.0000 7.0822
Dilshan 38.7193 4.6957 7.7019 12.2500 5.1579 5.6239
Jayasuriya 35.8640 4.7531 7.6355 11.4211 7.0378 7.3870
Maharoof 27.4054 4.6836 7.0882 70.0000 7.3684 9.2288
Bravo 28.3578 5.1833 7.7218 19.5000 5.8500 6.5985
Gayle 30.5053 4.4562 6.9969 12.8889 5.9487 6.4269
DR_Smith 38.7667 4.8593 7.9088 19.2000 6.2609 7.0033
Table B.14: All rounder Barr and Kantor bowling weighting data (1 of 2)
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ListA Twenty20
Name AV EtBWL ECON
t
BWL BK
LtA
BWL AV E
t
BWL ECON
t
BWL BK
Tw20
BWL
Hogg 28.3333 4.6514 7.1061 15.0952 7.5777 8.1183
Kapali 38.1042 4.5535 7.4946 NaN NaN -
Mahmuddullah 33.1818 4.4064 7.0752 NaN NaN -
Bopara 28.1250 5.3815 7.9315 24.7368 7.7901 8.7442
Tikolo 31.2301 4.6404 7.2571 NaN NaN -
Suji 49.5676 5.0733 8.6590 NaN NaN -
Scott 32.1887 4.5676 7.2208 52.5000 9.1971 10.9471
R_Watson 36.6615 5.3591 8.4132 NaN NaN -
Hamilton 25.2109 4.6950 6.9637 NaN NaN -
Haq 35.8824 5.4276 8.4528 NaN NaN -
Maiden 43.6087 4.8689 8.1424 14.5000 7.2500 7.7704
C_Wright 25.7969 4.4342 6.7017 NaN NaN -
H_Fernando 28.5714 4.3689 6.7867 19.7333 7.7895 8.5483
Lokuarachchi 22.9127 4.3004 6.3668 11.8462 5.6687 6.1023
Perera 27.9545 3.8863 6.1733 27.5714 6.8929 7.9178
Sammy 26.2203 4.3721 6.6551 17.1667 6.8667 7.5256
Maruma 20.5000 3.1654 4.9060 31.0000 7.7500 8.9024
Williams 40.9524 4.4216 7.4527 28.0000 7.0000 8.0409
Bhudia Inf 14.0000 - Inf 9.1500 -
N_McCullum 39.4091 4.2709 7.1925 12.2727 5.9559 6.4024
Wijekoon 25.8316 3.7342 5.8777 18.0000 7.3636 8.0521
Chibhabha 55.6364 5.5636 9.5478 14.0000 7.6364 8.1135
β = 0.7655 β = 0.9
Table B.15: All rounder Barr and Kantor bowling weighting data (2 of 2)
ListA Twenty20
Name BT SRtBAT BK
LtA
BAT BT SR
t
BAT BK
Tw20
BAT
Ouma 15.8649 58.69 47.1167 NaN - -
Hopkins 16.0885 56.94 46.0528 12.7000 - -
C_Smith 17.9457 66.07 53.0841 NaN - -
Taibu 19.6917 64.3 52.7135 NaN - -
Haddin 27.8393 91.44 74.8891 15.1429 124.7059 18.6972
Rahim 15.0278 56.06 44.9422 1.0000 42.8571 1.4561
Prior 22.1837 76.03 61.8252 22.8462 139.4366 27.3760
D_Obuya 17.3833 61.48 49.7305 13.5000 122.7273 16.8343
Ramdin 16.8983 79.25 61.1380 10.7500 195.4545 14.3672
B_Taylor 24.0115 62.99 53.5730 15.0000 107.1429 18.2591
Gilchrist 31.9222 96.94 80.4462 16.2500 135.4167 20.0879
Dhoni 32.0956 91.3 76.6018 24.6000 180.8824 30.0318
Karthik 18.4697 69.76 55.8088 16.7273 115.0000 20.2839
BB_McCullum 14.4133 90.64 66.5643 25.8125 175.0000 31.2573
Akmal 19.0217 83.55 65.1683 17.1176 129.9107 20.9635
Boucher 16.8835 83.93 64.1182 24.0000 108.5427 27.9094
de_Villiers 33.6143 83.56 71.7129 22.3636 160.7843 27.2403
Sangakkara 30.9363 74.42 64.2217 34.1667 173.7288 40.2003
Table B.16: Wicket keeper Barr and Kantor weighting data
Appendix C
Team Selection Data
The data provided in Tables C.1 and C.2 are the data on which the various integer programs
were run.
The data given in Table C.3 to Table C.4, provide additional output of the integer optimisa-
tion procedure discussed in Section 4.4.1.
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Appendix D
Additional Discussion of Performance
Measures
D.1 Batsmen
For BKLtABAT an α value of 0.6507 is used and for BK
Tw20
BAT an α value of 0.8739 is used. Worth
noting is that α represents the weight of the strike rate, and this weight is lower for the ListA
format of the game than for the Twenty20 format. This value agrees with the popular belief
(Sharp et. al., 2009) that the strike rate is the most important aspect to consider when selecting
batsmen for Twenty20 cricket. Also this shows that the strike rate is an important statistic in
the evaluation of batsmen in ListA cricket.
D.2 Bowlers
The Barr and Kantor bowling measures (BKLtABWL and BK
Tw20
BWL) are calculated by selecting the
value of β which would minimise value of the correlation coeﬃcient. For BKLtABWL the value of
ρˆ = −0.1856 . This value is achieved by setting β = 0.9 according to the restrictions discussed
in Section 3.3.1. The correlation for BKTw20BWL is ρˆ = −0.01028, and is reached by setting β = 0.9.
This value of β provides support to the common belief that a bowler's most important measure
is their economy rate.
D.3 All Rounders
The Barr and Kantor measures BKBAT and BKBWL for which the correlations are optimised,
by changing the values of α and β respectively, provided relatively good results. The values of
α and β are provided in Table D.1.
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Measure Optimised ρˆ α β
BKLtABAT 0.427573 0.5348598 -
BKTw20BAT 0.338325 0.1 -
BKLtABWL -0.22538 - 0.765454
BKTw20BWL -0.21575 - 0.9
Table D.1: All Rounders: Values of α and β for measures BK and BKBWL
The values given for β in the above table indicate that the economy rate is the more important
measure for a bowler (which is similar to the results given in Section 4.1.2). The values of α,
however, indicate that for all rounders the strike rate is only slightly more important than the
mean batting score for ListA matches and of very little importance in the Twenty20 format of
the game. This is contrary to the belief that the strike rate of a batsman is the main measure
of concern for Twenty20 matches. A simple explanation for this discrepancy could be that the
amount of data available is limited, especially for Twenty20 cricket, and thus this should be
investigated again when more data is available.
D.4 Wicket Keepers
The Barr and Kantor BKLtABAT measure resulted in a correlation estimate of ρˆ = 0.57816. Since
this is a ListA measure the BKTw20BAT measure needs to be included into consideration. An
interesting observation is that when the estimated correlation was optimised for BKLtABAT an α
value of 0.832098 resulted. When a similar optimisation was conducted for BKTw20BAT it resulted
in α = 0.1. This value is inconsistent with the belief that strike rate is more important than the
mean batting score in the Twenty20 game. Again, this can be explained by the lack of suﬃcient
Twenty20 data. The α value for BKLtABAT is what is expected, and indicates that once a format
is established (as ListA cricket is) the results tend to agree with the popular belief.
In order to combine the BKLtABAT and the BK
Tw20
BAT measures the methodology described for
the batsmen category in Section 4.3.1 is implemented. That is,
BKcomBAT =
(
BKTw20BAT
)γ (
BKLtABAT
)1−γ
where 0 ≤ γ ≤ 1. It is then desired to optimise the linear correlation between BKcomBAT and the
total fantasy league score in the 2007 ICC World Twenty20 by changing the value of γ. Solver
is used to perform this optimisation and the value of γ which optimised the correlation is γ = 0
and the resulting correlation is ρˆ = 0.462992. As such, this formulation was not considered as a
performance measure for wicket keepers.
